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SUMMARY
Mice were "bred co n tin u o u sly  in  an environm ental tem perature  
o f  -3 % , w ith  c o n tr o ls  a t  21% . The mice were r ig o r o u s ly  
inbred  and were of the fo llo w in g  s tr a in s :  A (from  two s o u r c e s ) ,
GFP and C57BL.
A t -3%  a l l  s t r a in s  showed a marked red u ction  in  f e r t i l i t y  
and the GPF mice cou ld  n ot be m aintained in d e f in i t e ly  a t  the 
low tem perature. There was a red u ction  in  t a i l  le n g th  in  the  
A and C57BL s tr a in s  in  th e  co ld  and in  th e A s tr a in  the body 
w eig h t, body len g th  and t o t a l  body f a t  were a ls o  reduced. In  
th e C57BL m ice there was no s ig n i f ic a n t  d if fe r e n c e  betw een the  
body w eig h ts  or body le n g th s  o f experim ental and c o n tr o l m ice , 
and the t o t a l  body f a t  was reduced l e s s  than in  the A s t r a in s .
The ad ren al glands o f m ice from th e  c o ld  environment were 
la r g e r  than th ose o f the c o n tr o ls .  A drenal and th yro id  g lan ds  
were examined h i s t o lo g ic a l l y  and h is to c h e m ic a lly  and i t  was 
found im p o ss ib le  to  d is t in g u is h ,  by in s p e c t io n , between the  
organs o f 16-w eek -o ld  m ice from the two tem peratu res.
Experim ents were a ls o  c a r r ied  out to  stu d y  th e developm ent 
o f th erm o -reg u la tio n . Young mice p r e v io u s ly  k ep t a t  21% 
were suddenly  exposed to  c o ld . In  th e s t r a in  A mice th ere  were 
no d eath s when 1 2 -  o r  5-w eek -o ld  mice were tra n sferred  to  -3 % , 
a lth ou gh  th ere was a heavy m o r ta lity  among m ice aged 3 w eeks. 
Many/
Many d ea th s  occurred among 5-w eek-o ld  m ice o f th e o th er  two 
s t r a in s  when tr e a te d  in  th e  same way. When 3 -w eek-o ld  m ice  
o f s t r a in  A "bom and reared a t  -3%  were p laced  a lo n e  in  a 
c a g e , a la r g e r  p rop ortion  o f  them su rv ived  th e  exposure than 
m ice o f the same age and s tr a in  tr a n sfe rre d  to  th e co ld  from  
21% . There were no s ig n s  o f d i s t r e s s  among 5-w eek-old  m ice  
o f s t r a in  A "bred a t  -3%  when they  were s im i la r ly  tr e a te d .
The 3 -w eek -o ld  mice o f s tr a in  A tr a n sfe r r e d  from 21% f e l l  
in to  two groups which cou ld  he r e a d ily  d is t in g u ish e d  a f t e r  48 
hours* exposure; th ose  which were reco v er in g  from th e  co ld  
exposure and th o se  which were n o t . The r e la t iv e  adrenal 
w eig h ts  o f mice which were recoverin g  were low er than th o se  o f  
f a i l i n g  m ice and the r e la t iv e  thymus w eigh ts were corresp on d -  
: in g ly  g r e a te r  in  the ** recoverin g” , th a t i s  the '^survival”, group. 
The th yro id  g lan d s o f  the ” su r v iv a l” group were very  a c t iv e  and 
t h e ir  ad ren a l g lan ds showed no d e p le t io n  o f su d a n o p h ilic  
m a te r ia l a f t e r  7 days* exp osu re. The th y ro id  ^ a n d s  o f f a i l i n g  
m ice were very  in a c t iv e  and th e ad ren al c o r te x  was s e v e r e ly  
d e p le te d . The e f f e c t s  o f th e  sudden exposure to  co ld  on 
3-w eek -o ld  m ice were n ot reproduced a t  21% "by in j e c t io n s  w ith  
e i t h e r  ACTH or c o r t is o n e . N e ith e r  ACTH nor th yrox in e  reduced  
m o r ta lity  when in je c te d  in to  3 -w eek -old  m ice b e fo r e  or during  
exposure.
The methods o f  a ssessm en t o f adrenal and th yro id  a c t i v i t y  
u se d / ^
used in  th e  experim ents are review ed  and th e in te r a c t io n  o f  
th e se  two g lan ds and the mechanism of th e ir  c o n tr o l a re  
d isc u s s e d . The fu n c t io n a l developm ent o f th e  p itu ita r y -a d r e n a l  
and p itu ita r y - th y r o id  system s and th e  a b i l i t y  o f th e  animal to  
in c r e a se  the ra te  o f carbohydrate m etabolism  a re  c o r r e la te d  w ith  
the developm ent o f c o n tr o l o f body tem perature. I t  i s  co n -  
: s id ered  th a t , in  normal c o n d it io n s , t h i s  m aturation  p rocess  
occu rs in  s tr a in  A mice a t or soon a f t e r  3 weeks o f a g e , w h ile  
in  mice su b jec ted  to  a c o ld  environment from b ir t h  i t  appears 
g e n e r a lly  to  take p la c e  e a r l i e r .  In  th e GFP and C57BI» m ice 
r e g u la t io n  o f the body tem perature d evelop s l a t e r  than in  the  
A s tr a in .
A h y p o th es is  i s  put forward to  ex p la in  th e d if fe r e n c e  
betw een the ju v e n ile  and a d u lt  typ e o f  r e a c tio n  to  co ld  exposure. 
T h is  d if f e r e n c e , i t  i s  su g g ested , depends on th e  developm ent o f  
a  t i s s u e  ” competence” in  r e sp e c t  o f th e demand f o r  th yro id  
hormone, which in  turn depends on th e a b i l i t y  o f the t i s s u e s  to  
m o b ilis e  th e ir  g lycogen  r e s e r v e s .
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I .  lOTRODÜCTION
The e f f e c t s  o f a low environm ental tem perature on mammals 
have been th e su b je c t  o f many s tu d ie s .  These can b e d iv id ed
in to  th ree  main ty p es of in v e s t ig a t io n :
(a )  on A r c t ic  s p e c ie s  and problems o f  
in s u la t io n ;
(b) on p h y s io lo g ic a l  resp on ses o f s p e c ie s
n ot norm ally l i v in g  in  a co ld  environm ent;
(c )  on m orphological changes r e s u lt in g  from  
s e le c t io n  in  g e n e t ic a l ly  h eterogen eou s  
p o p u la tio n s .
O bservations on A r c t ic  s p e c ie s  have y ie ld e d  much u s e fu l  
in fo rm a tio n , p a r t ic u la r ly  s in c e  th ey  have dem onstrated th e  
m orphological and p h y s io lo g ic a l  a d a p ta tio n s  which occur in  
mammals which l i v e  f o r  long p er io d s  o f  tim e in  a v ery  co ld  
environm ent. 8cholander and h is  c o lle a g u e s  (1 9 5 0 ) , f o r
in s t a n c e ,  have shown th a t the A r c t ic  w h ite  fo x  does n o t  
in c r e a se  i t s  m etab o lic  ra te  (and th e r e fo r e  i t s  h e a t production) 
u n le s s  th e. tem perature i s  below  -4 0 % , w h ile  th e t r o p ic a l  
racoon has a c r i t i c a l  tem perature o f  +25% > below  which i t s  
h ea t production  b e g in s  to  in c r e a s e . They a l s o  showed th a t  
th e fu r  i s  of g r e a te r  s ig n if ic a n c e  f o r  in s u la t io n  than the  
sk in  s tr u c tu r e  and th a t the fu r  o f  A r c t ic  anim als has much 
g r e a te r  in s u la t in g  p r o p e r t ie s  than th a t  of tr o p ic a l  an im a ls. 
Babanuishev (1934) has dem onstrated th a t  e f f e c t iv e  in s u la t io n  
depends upon the com bination o f lo n g  and dense h a ir s .
irv'
2.
In  some r e s p e c t s ,  how ever, in form ation  ob ta in ed  from such  
s tu d ie s  i s  o f  l im ite d  va lu e  s in c e  i t  cannot alw ays be a p p lied  
to  mammals which have a w ider g eograp h ica l d is t r ib u t io n .  There 
are v a s t  numbers o f mammals in h a b it in g  the tem perate zones 
which have to  w ith stan d  co n s id e ra b le  f lu c tu a t io n s  o f  en v iro n -  
:m ental tem perature and which may be exposed to  co ld  fo r  only  
sh o rt p e r io d s . In th ese  an im als i t  i s  sh ort-term  p h y s io lo g ic a l  
adjustm ents which are im portant ra th er  than f ix e d  m orphological 
and p h y s io lo g ic a l  ^ ad ap ta tion s” .
Such sh ort-term  p h y s io lo g ic a l  ad justm ents are  w e ll  known 
and can be b r i e f l y  summarized as fo l lo w s . The i n i t i a l  resp on ses  
to  co ld  are  b oth  n eu ra l and horm onal. Those c o n tr o lle d  
d ir e c t ly  by th e  nervous system  in c lu d e  p i lo - e r e c t io n ,  card iac  
a c c e le r a t io n , changes in  th e vasom otor c o n tr o l o f  the  
s u p e r f ic ia l  b lood  v e s s e l s  ( v a s o -c o n s tr ic t io n  o f  c a p i l la r ie s  and 
a lt e r a t io n  o f  venous f lo w ) , and s h iv e r in g . These combined 
changes r e s u lt  in  a d im inu tion  o f h ea t lo s s  and an in c r e a se  in  
h ea t p rod u ction . The en d ocrin e changes in v o lv e  the ad ren al 
c o r te x  and m ed u lla , the th y r o id , the thymus and th e  p itu i t a r y  
g lan d . The ad ren a l and th y ro id  g lan ds both  undergo a p r e d ic -  
; ta b le  s e r ie s  o f  changes. The numerous d e s c r ip t io n s  o f th ose  
occu rrin g  in  th e  ad ren al c o r te x , in c lu d in g  th a t  o f  S e ly e  (1 9 3 7 , 
1946) w i l l  be d e a lt  w ith  in  d e t a i l  in  S e c t io n sIV a n d  V# In  
b r i e f ,  such changes c o n s is t  o f  a sh o rt period  o f  marked 
in c r e a se  in  a c t i v i t y  -  th e ” alarm  r e a c t io n ” -  fo llo w ed  by a 
s lo w /
3 .
slow  ” recovery” s ta g e  during which the gland may in c r e a se  in  
s i z e .  In  th e ad ren al m edulla th ere  i s  an in crea sed  production  
o f  a d ren a lin  a f t e r  exposure to  c o ld . The th yro id  g lan ds can  
a ls o  he sa id  to  show a type of alarm r e a c tio n  in  so f a r  as they  
have a p eriod  o f h y p e r a c t iv ity  fo llo w ed  hy a gradual retu rn  to  
a normal h i s t o lo g ic a l  appearance. The thymus g la n d , 
e s p e c ia l ly  in  young mammals, d ecr ea se s  in  s i z e  a f t e r  the anim al 
has been exposed to c o ld . The p i tu i t a r y  gland shows a sudden 
in c r e a se  in  p rod uction  o f  a d ren o co r tico tro p h ic  (ACTH) and 
th yro trop h ic  (TSH) hormones immediately, a f t e r  exp osu re, u s u a lly  
fo llo w ed  by a gradual retu rn  to  a normal ra te  o f s e c r e t io n .
Under g iv en  c o n d itio n s  th e  lo s s  o f  h eat by homeothermic 
anim als may be assumed to  be p ro p o rtio n a l to  t h e ir  su r fa ce  
a r e a s . In an im als o f s im ila r  shape and p rop ortion s the la r g e r  
the body the sm a ller  i s  the su r fa ce  area r e la t iv e  to  i t ,  s in c e  
volume in c r e a se s  as the cube o f the l in e a r  d im ensions and 
su r fa ce  area on ly  as th e ir  sq uare. Hence in  a co ld  environm ent 
a la r g e  body, w ith  a r e la t iv e ly  sm a ller  su rfa ce  area and 
th e r e fo r e  a reduced h ea t l o s s ,  should be o f advantage.
According to  Bergmann (1847) one might th er e fo re  ex p ec t to  f in d  
th a t the mammals in h a b it in g  th e  c o ld e r  re g io n s  o f th e earth  
were la r g e r  than th ose in  the tr o p ic s .  S im ila r ly ,  a l t e r a t io n s  
in  b o d ily  p rop ortion s might be exp ected  in  mammals l i v in g  in  
th e  c o ld , and accord in g  to A lle n  (1877) such d if fe r e n c e s  do 
o ccu r /
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occur betw een v a r i e t ie s  or r e la te d  s p e c ie s  l iv in g  in  d i f f e r e n t  
c lim a te s . Bergmann* s and A llen* s ” r u le s ” , however, have been  
c r i t i c i z e d  by 8 cho lan d er  (1955) who has p o in ted  ou t th a t  some 
o f  th e workers who have supported them have based  th e ir  
c o n c lu s io n s  on d ata  n ot w holly  r e le v a n t  a s a means o f e s t im a tin g  
th e therm al adjustm ent o f  the an im al. Mayr (1 9 5 6 ) , however, 
c o n s id e r s  th a t  Scholander* s c r i t ic is m  cannot be upheld and th a t  
th e s o - c a l le d  ” c lim a tic  r u le s ” o f Bergmann and A lle n  have some 
j u s t i f i c a t i o n .  In the l a t t e r  ca se  one m ight exp ect th a t  i f  a 
p op u la tio n  o f an im a ls, l e s s  s p e c ia l iz e d  than A r c t ic  s p e c ie s ,  
were l i v in g  in  a co ld  environment th ere  would be a tendency  
f o r  th e  average body s i z e  to in c r e a se  through n a tu ra l s e l e c t io n .  
T h is may, in  f a c t ,  have occurred in  th e m ice stu d ied  by L aurie  
( 1946) .  She p u b lish ed  o b serv a tio n s  on w ild  house m ice 
(Mus m usculus L .)  b reed in g  in  co ld  s to r e s  k ep t a t  about -10% , 
and found th a t th e se  mice were la r g e r  than w ild  m ice l i v in g  a t  
o rd in ary  tem peratu res. I t  i s  u n l ik e ly  th a t th e  o r ig in a l  
c o lo n iz e r s  o f  th e se  s to r e s  were la r g e r  or con ta in ed  more body 
f a t  than n on n al, a lth ough  t h is  i s  a p o s s i b i l i t y .  R ath er , i t  
may be assumed th a t  th ey  had to  make a s u c c e s s fu l  p h y s io lo g ic a l  
a d a p ta tio n  to  t h i s  very  low tem perature b e fo r e  th ere  cou ld  b e  
any q u estio n  o f g e n e t ic a l  s e l e c t io n .
While many s tu d ie s  on the p h y s io lo g ic a l  responses to  cold 
have been concerned with the exposure of animals to low 
te m p era tu res /
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tem peratures f o r  r e la t iv e ly  sh o rt p er io d s o f t im e , v ery  l i t t l e  
work has been done on th e resp on ses o f inbred  s t r a in s  b om  and 
reared a t  a low tem perature. A review  o f  th e l i t e r a t u r e  a ls o  
shows th a t the developm ent of tem perature r e g u la tio n  in  young 
mammals p resen ts  many problems w hich , up to  now, have been  
in v e s t ig a te d  f a r  l e s s  than th o se  o f th erm o-regu la tion  in  a d u lts ,
The work to  be d escr ib ed  h ere i s  concerned w ith  some of 
th e changes which occur in  inbred  s t r a in s  o f  la b o ra to ry  m ice  
b o m  and reared a t  an environm ental tem perature o f  -3 % .
The changes in v e s t ig a te d  are r e la te d  to  grow th, su r v iv a l and 
rep rod u ctive perform ance and w ith  a l t e r a t io n s  in  the a d ren a l, 
th yro id  and thymus g la n d s.
Two main in v e s t ig a t io n s  are d e sc r ib e d . The f i r s t  d e a ls ,  
f o r  the most p a r t , w ith  growth, su r v iv a l and reprodu ction  and 
w ith  changes in  the above-m entioned endocrine g lan d s o f m ice 
bred co n tin u o u sly  a t  -3 % , compared w ith  c o n tr o ls  a t  21% . The 
second in v e s t ig a t io n  i s  concerned w ith  the response o f young 
m ice to  a low environm ental tem perature and d e a ls  w ith  the  
e f f e c t s  o f sudden exposure to  c o ld  on mice aged 3> 5> or 12 
w eeks.
6 .
I I .  METHODS
(a) Experimental animals
Pour s t r a i n s  of mice were used, C57BL, GPP and two s t r a i n s  
of A mice. The C57BL and one s t r a i n  of A mice were obta ined 
from the  Im peria l  Cancer Research Pund (M ill  H i l l ,  London), 
the  GPP and the o th e r  A s t r a i n  from Glaxo L ab ora to r ie s  
(Greenford, Middlesex). P o r  convenience the  A mice w i l l  h e re -  
; a f t e r  be termed th e  A(V) and A(y ) s t r a i n s  r e s p e c t iv e ly .
(b) Experimental cond i t ions
The mice were kept in  two sound-proofed co n s tan t  tempe- 
: r a tu r e  rooms of i d e n t i c a l  c o n s t ru c t io n .  The cold room was 
m ainta ined a t  a temperature of -3%> with  a d i f f e r e n t i a l  of 
2 % ;  the  temperature o ccas io n a l ly  rose above C% when work 
was going on in  the room or  when i t  was being  d e f ro s te d .  The 
c o n t ro l  mice were kep t in  the warm room a t  21%, w ith  a 
d i f f e r e n t i a l  of 5% . The r e l a t i v e  humidity in  bo th  rooms was 
between 6o and 90 per c en t .  The amount of i l lu m in a t io n  was 
the  same in  each room, a r t i f i c i a l  l i g h t  being provided f o r  12 
hours each day; f o r  the o th e r  12 hours the mice were in  
darkness .
The cages were r e c ta n g u la r  metal boxes, 36 x 15 x 11 cm., 
w ith  wire l i d s  ca r ry in g  a water b o t t l e  and food b a sk e t .  The 
f l o o r  was covered with  sawdust, and co t ton  wool was provided 
f o r /
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fo r  n e s t in g . Water cou ld  not b e kept in  b o t t l e s  in  th e  co ld  
room and was su p p lied  in  open ja r s  p laced  on th e  f l o o r  o f the  
ca g e . When th e  w ater fr o z e  th e m ice l ic k e d  the i c e .  The 
cages were c lean ed  tw ice  a week u n le ss  th ey  con ta in ed  a l i t t e r  
l e s s  than 10 days o ld , in  which ca se  th e  m ice were l e f t  
u n d istu rb ed .
( c )  E xperim ental procedure w ith  b reed in g  s to c k s
( i )  C ontinuous b reed in g  s to c k s . B reed in g  fa m il ie s  o f the  
C57BL, A(V) and A{Y) s tr a in s  were i n i t ia t e d  in  each ca se  from  
fo u r  l i t t e r -m a te s :  one p a ir  in  each room. The anim als
d e s tin e d  f o r  th e co ld  room were f i r s t  tr a n sfe r r e d  from an 
anim al room (w hich  was k ep t a t  about 20% ) to  a th ir d  co n sta n t  
tem perature room m aintained a t  10% , f o r  a p er iod  o f  a c c l im a t i -  
: z a t io n  o f 7 d a y s . These m ice were then mated and p laced  in  
th e  co ld  room, and a t  th e  same time th e ir  l i t t e r - m a t e s  were 
mated and tr a n sfe r r e d  to  the warm room. L i t t e r s  were recorded  
and counted on the day o f b ir t h  and were weaned a t  21 d ays.
A t t h is  time the body w eights and se x e s  were noted  and the  
number o f young th a t had d ied  in  the n e s t  was determ ined .
The mice o f subsequent g en era tio n s  th a t  were used fo r  
b reed in g  were mated a t  5 weeks; a l l  p a ir s  were l i  tte r -m a te s  
and were l e f t  to g e th e r  perm anently. Where p o s s ib le ,  two, or 
o c c a s io n a l ly  th r e e , p a ir s  were mated from each l i t t e r .  At 
th e  second gen era tio n  i t  was o r ig in a l ly  in tended  to  mate on ly  
t h e /
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th e  o f f s p r in g  o f  the f i r s t  l i t t e r s  o f the i n i t i a l  p a ir s .  
S im ila r ly ,  in  the th ird  g en era tio n  on ly  the f i r s t  l i t t e r s  o f  
th e  second gen era tio n  were to  have been m ated, and so on to  
th e  fo u r th  and f i f t h  gen era tion s*  In th e warm room i t  was 
found p o s s ib le  to  adhere to  t h i s  p la n , b ut in  th e c o ld  room, 
owing to  low ered b reed in g  r a t e s ,  a d d it io n a l m ating was found 
to  be e s s e n t ia l  in  order to  m aintain  th e f a m i l i e s .  B reed ing  
p a ir s  were k i l l e d  a t  th e  age o f  30 w eeks.
The m ice were weighed once a week u n le s s  a l i t t e r  was 
unweaned, in  which ca se  the p a ren ts  were l e f t  u n d istu rb ed .
The w eigh ts  o f  young m ice were f i r s t  recorded , a s  a lread y  
s t a t e d ,  a t  th e time o f  weaning. Many m ice were k i l l e d  a t  
t h i s  age in  order to  save space in  the co n sta n t tem perature  
rooms. They were k i l l e d  w ith  e th e r  or chloroform  and 
measurements o f head-body and t a i l  le n g th s  were then taken .
S in c e , a s  s ta te d  ab ove, many o f  the m ice k ep t in  th e  
c o n s ta n t tem perature rooms were used f o r  b ree d in g , the number 
o f  unmated m ice a v a ila b le  f o r  experim ent was sm a ll. These 
unmated m ice were k i l l e d  a t  the age of 16 weeks by opening  
th e  e x te r n a l ju g u la r  v e in s  under e th e r  a n a e s th e s ia . Measure* 
: ments o f head-body and t a i l  le n g th s  were taken from th e  
dead anim als and th e p i t u i t a r y ,  thymus, th yro id  and adrenal 
g la n d s were removed and f ix e d  f o r  subsequent w eigh ing and 
h i s t o l o g ic a l  in v e s t ig a t io n .  The f i x a t i v e s  used  are g iven  in  
A p p en dix/
9 .
Appendix G# A fte r  th e removal o f th ese  organ s, th e f a t  was 
c a r e f u l ly  d is s e c te d  away from th e  m esen ter ie s  surrounding th e  
abdom inal v is c e r a  and i t s  f r e s h  w eigh t was determ in ed .
D eterm in ation s o f  t o t a l  body f a t  con ten t were made on 
some of the unmated m ice . The an im als were k i l l e d , the sk in  
removed and cu t up in to  sm all p ie c e s  and hom ogenised w ith  th e  
c a r c a se . The homogenate was fr e e z e -d r ie d  under vacuum and 
the f a t  co n ten t determ ined by S o x h le t  e x tr a c t io n  w ith  
ch loroform .
f i i )  B reed in g  p a ir s  tr a n sfe rre d  from -3%  to  21% . A 
s e r ie s  o f  p a ir s  o f  th e a (Y) s t r a in  m ice th a t had b een  reared  
in  the co ld  room were tr a n sfe rre d  to  th e  warm room a t  the age 
o f  5 w eeks. These p a ir s  o f  l i  t te r -m a te s  were then mated and 
t h e ir  rep rod u ctive  performance was recorded u n t i l  th e  age o f  
30 w eeks. T h eir  b reed in g  record cou ld  then b e compared w ith  
th a t  o f  mice o f th e same s t r a in  reared and k ep t a t  21% . For  
conven ience th ese  m ice have been c a l le d  th e " reversed ” p a ir s .
(d ) Sudden exposure o f  young m ice to  -3 % .
S im ila r  numbers of m ice o f  s t r a in s  A(V) and A(Y) which 
had been reared a t  21% were taken a t  th e age of 3* 5 or 12 
weeks and p laced  in  in d iv id u a l cages a t  -3 % . They were a l l  
p rovided  w ith  n e s t in g  m a te r ia l b u t were a llow ed  no p eriod  f o r  
a c c lim a t iz a t io n . T heir body w eigh ts were recorded b e fo r e  
exposure; a f t e r  p eriod s o f 6 h ou rs, 24 h o u r s , 48 h ou rs, 7 days 
o r /
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or 21 days they were aga in  weighed and then k i l l e d  by b reak in g  
th e  n eck . Those exposed to  co ld  f o r  more than 24 hours were 
weighed d a i ly  up to  7 days and th ose exposed f o r  21 days were 
then weighed w eek ly . Organs were removed and f ix e d  as  
d escr ib ed  above In s e c t io n  ( c )  b u t the abdominal f a t  was n ot 
removed from th e se  m ice.
L i tte r -m a te s  of some o f  th ese  m ice were k i l l e d  a t  th e  
b eg in n in g  o f  th e experim ent, th a t i s  a t  0 h o u r s , and o th ers  
were k ep t a t  21% and k i l l e d  a f t e r  7 days or 21 d ay s. These 
were th e c o n tr o l m ice.
A s im ila r  s e r ie s  o f  experim ents was c a r r ie d  out w ith  GPP 
mice aged 5 w eeks.
Some 5-w eek -o ld  C57BL mice were a ls o  tr a n sfe r r e d  from  
21% in  the same manner to  t e s t  f o r  s u r v iv a l .  That i s ,  th e  
number o f  d ea th s was noted and the su rv iv o rs  were k i l l e d  a f t e r  
21 days* exp osu re, b u t th e m ice were n o t weighed and no organs 
were removed.
Mice o f  s t r a in s  A(v )  and A(Y)  o f  3 and 5 weeks b om  a t  
-3%  were a ls o  p laced  in  in d iv id u a l cages fo r  24 h ou rs, 48 
h ou rs, 7 days or 21 days and tr ea ted  in  the same way as  
d escr ib ed  f o r  anim als from 21% . These mice were the - 3 %  
c o n tr o ls .
Experim ents in v o lv in g  3 -w eek -o ld  m ice were alw ays begun 
24 to  48 hours a f t e r  w eaning, th a t  i s ,  a t  22 or 23 d ays.
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I I I .  OBSERVATIONS ON BREEDING STOCKS
(a ) Growth
( l )  T o ta l growth. B a rn e tt and Manly (1956) found th a t  
in  th ree  s t r a in s ,  namely A ( v ) , C57BL and GPP, th e mice which  
were tr a n sfe rre d  from 21% to  -3%  a t  the age  o f 8 weeks grew  
l e s s  than th e ir  l i t t e r -m a te  c o n tr o ls  k ep t a t  21% . The 
r e s u lt s  w ith  the con tin uou s b reed in g  s to c k s , th a t  i s  w ith  m ice 
b om  and reared in  th e c o ld , w ere, however, s l i g h t ly  d i f f e r e n t .  *
Growth in  th e  A(V) and A(Y) s t r a in  m ice b om  and reared  
a t  -3%  was reduced in  a s im ila r  way to  th a t o f  m ice tr a n sfe r r e d  
to  th e  c o ld  a s  a d u lt s .  That i s ,  from the age o f 3 weeks u n t i l  
th ey  were k i l l e d  a t  16 weeks they were l ig h t e r  than t h e ir  
co u n terp a rts  bred a t  21% . The C57BL m ice , by c o n tr a s t ,  
showed no s ig n i f ic a n t  d if fe r e n c e  in  w eigh t a t  the two tem pera- 
; tu res  a t  3 or l6  weeks o f  a g e , a lth ough  a t  5 weeks the m ice 
reared a t  -3%  were s ig n i f ic a n t ly  l i g h t e r  than the c o n tr o ls  a t  
21% (Appendix A , Table 1; Appendix B , P ig .  1 ) .  The GPP m ice 
were n o t bred in  the co ld  a f t e r  th e  f i r s t  gen era tio n  and so 
th ere  a re  no corresponding data  f o r  t h is  s t r a in .
T he/
%.ll th e f ig u r e s  p resen ted  here which concern t o t a l  body w eigh t 
in  the con tin uou s b reed in g  s to ck s  have been c a lc u la te d  from  
d ata  from male m ice o n ly . A t the two tem peratures the fem a les  
showed growth d if fe r e n c e s  s im ila r  to  th ose shown by the m ales 
b u t were l ig h t e r  a t  a l l  a g es .
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The d if fe r e n c e  between th e  C57BL mice and the two A  s t r a in s  
i s  shown very  c le a r ly  in  a study o f th e p ercen tage in c r e a se  in  
w eig h t. The f ig u r e s  f o r  m ice reared a t  -3%  and 21% are  
g iv en  below  in  Table 1 .
T able 1
P ercen tage in c r e a se  in  body w eigh t during variou s  
p eriod s in  f i r s t  g en era tio n  male m ice
S tr a in Temp.°C 3-5  weeks 5-10 weeks lO -l6  weeks
A(V) 21 7 8 .2 4 8 .2 1 9 .0
tl -3 8 8 .3 4 1 .6 1 1 .1
A(Y) 21 9 4 .3 3 7 .1 1 2 .4
tl -3 9 6 .2 4 6 .2 7 .6
C57BL 21 114 .3 4 1 .1 1 5 .1
11 -3 7 7 .7 6 2 .9 1 4 .8
As i s  to  b e e x p e c te d , a l l  th e  m ice showed th e  g r e a te s t  
in c r e a se  in  body w eigh t between th e ages o f 3 and 5 w eeks. 
A fte r  t h is  tim e the ra te  o f growth d im in ish ed .
In b o th  th e A s t r a in s ,  a lth ou gh  the t o t a l  body w eigh t was 
reduced in  the c o ld , th ere  was l i t t l e  i f  any red u ction  in  th e  
r a te  of growth a t  the low tem perature u n t i l  a f t e r  10 weeks o f  
a g e /
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a g e . Indeed , betw een 3 and 5 weeks growth was s l i g h t l y  f a s t e r  
in  th e  c o ld . In  th e  C57BL s t r a in ,  on the o th er  hand, th e  
p ercen tage in c r e a se  in  w eight betw een 3 and 5 weeks was 
c o n s id e r a b ly  low er a t  -3%  b u t betw een 5 and 10 weeks i t  was 
h ig h e r  ( 6 2 .9  per cen t a s  opposed to  on ly  4 1 .1  per cen t a t  21% ), 
Between th e a g es o f 10 and 16 weeks the p ercentage in c r e a se  in  
th e  C57BL s tr a in  was the same in  b o th  tem peratures.
E stim a tio n s  o f  t o t a l  body f a t  have so fa r  b een  made on ly  
on l6 -w e ek -o ld  fem ale mice o f the C57BL and A(Y) s t r a in s .  The 
f ig u r e s  fo r  in d iv id u a l mice reared  a t  21% or -3%  are g iven  
below  in  Table 2 .
Table 2
21°C -3°C
S tr a in g . f a t /1 0 0  g .  dry  homogenate S tr a in
g . f a t /1 0 0  g . dry 
homogenate
a (y ) 42 .93 A(Y) 22 .41
It 41 .10 t t 19 .67
It 18 .28 tt 16 .35
t t 3 2 .6 3 t t 2 3 .2 1
« 33 .93 t t 19.74
t t 3 9 .5 8
C57BL " 3 0 .0 0 C57BL 2 1 .6 7
t t 2 6 .7 2 t t 2 4 .0 2
t t
---------------------- 30 .23
t t 23 .88
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A marked d if fe r e n c e  was aga in  apparent betw een the C57BL 
and the A s t r a in s .  A t 21% the A(Y) s tr a in  fem ales con ta in ed  
more body f a t  than the C57BL s tr a in  and a t  -3%  th e body f a t
was reduced by about 41 per c e n t in  th e  A(Y) m ice b u t by o n ly
20 per cen t in  the C57BL m ice.
There was a marked red u ction  o f  abdominal f a t  in  b oth  
m ales and fem ales in  th e two A s t r a in s ,  but no red u ctio n  a t  
a l l  in  th e male C57BL mice (Appendix A , T able 6 ) .  There i s  
thus a c lo s e  r e la t io n s h ip  betw een the amount o f t o t a l  body f a t  
and o f abdominal f a t  in  th e  fem ale  m ice, a t  l e a s t  in  the two 
A s t r a in s .  I f  i t  i s  assumed th a t d eterm in ation s o f  t o t a l  
body f a t  and o f abdominal f a t  in  th e  m ales would show s im ila r  
agreem ent, some of th e  o b serv a tio n s  on body w eight could  b e
fu r th e r  a n a ly sed . In  the A(V) and A(Y) s tr a in s  much o f  th e
in c r e a se  in  w eight betw een 10 and 16 weeks in  mice reared  a t  
21% may be the r e s u l t  o f d e p o s it io n  o f body f a t .  I f  t h i s  i s  
the c a s e ,  the reduced growth a t  t h i s  age in  m ice reared  a t  
-3%  may be p a r t ly  due to  a sm a lle r  amount of body f a t .  In  
the C57BL s t r a in ,  on the oth er hand, the l6 -w eek -o ld  m ice bred  
a t  -3%  have a low er t o t a l  f a t  c o n te n t than the c o n tr o ls  b u t  
th e ir  body w eight i s  th e  same. T h erefore , i t  appears th a t  
th e se  m ice s u f fe r  a r e ta r d a tio n  o f  growth between the ages o f  
3 and 5 weeks and then grow a t  a f a s t e r  ra te  than the c o n tr o ls  
u n t i l  th ey  are 10 weeks o ld . A t t h is  age th e  C57BL mice a re  
th e same w eight as th e  c o n tr o ls  and th e r e a fte r  grow a t  the same 
r a te .
( i i ) /
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( l i )  Body and t a i l  le n g th s . W hatever the change in  the  
amount o f body f a t  may b e , i t  cou ld  n o t e n t ir e ly  accoun t fo r  
th e  d if fe r e n c e  in  w eig h ts  o f the A s tr a in  m ice a t  th e  two 
tem p eratu res. The len g th  of th e body measured from n o s e - t ip  
to  anus showed a marked red u ctio n  in  the A m ice reared  a t  -3%  
a t  b oth  3 and 16 weeks (Appendix A, Table 2 ) .  Male C57BL 
m ic e , however, showed no red u ction  in  body le n g th  a t  16 weeks 
in  the c o ld . No f ig u r e s  are a v a ila b le  fo r  m ales o f t h is  
s t r a in  a t  3 weeks or fo r  the fem a les  a t  any a g e . I t  i s  th e r e -  
: fo r e  n o t y e t  p o s s ib le  to  make a g en era l sta tem en t to  th e  
e f f e c t  th a t a red u ctio n  in  body w eigh t was alw ays accompanied 
by a red u ction  in  body le n g th , a lth ou gh  the r e s u l t s  ob ta in ed  
so  f a r  su g g est th a t t h i s  i s  so .
The two s tr a in s  o f A mice d i f f e r  in  t a i l  le n g th . The 
V s t r a in  i s  s h o r t - t a i l e d ,  whereas the Y s tr a in  i s  "normal" or  
l o n g - t a i l e d .  In each A s t r a in ,  however, the t a i l  was sh o r te r , 
r e la t iv e  to  body le n g th , in  the c o ld  than in  th e warm (Appendix 
A, T able 2; Appendix B , P ig .  2 ) .  In  the C57BL mice the  
t a i l  le n g th  was a ls o  markedly reduced a t  16 weeks. These 
r e s u l t s  show th a t a l t e r a t io n  in  t a i l  len g th  a s  a r e s u l t  o f  
exposure to  co ld  i s  independent o f change in  body le n g th .
(b ) R eproduction
( i )  Breeding and re a r in g  of young. Reproductive 
performance a t  the two temperatures may be compared by re fe ren ce  
t o /
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to  th e  number o f young b o m  and weaned per p a ir ,  th e  number 
o f l i t t e r s  born and weaned per p a ir  and th e number o f  young 
bom  and weaned per l i t t e r  (Appendix A , Table 3)#
The c o ld  environm ent caused no in c r e a se  in  th e  number o f  
barren p a ir s  in  any o f the th re e  s t r a in s ,  b u t th e number o f  
p a ir s  weaning no young was in c r e a se d , e s p e c ia l ly  in  the A(y ) 
s t r a in .  A few  l i t t e r s  were destroyed  co m p lete ly  or p a r t ly  by  
the p a ren ts  b e fo re  they  could  be cou n ted . A llow ance was made 
f o r  t h i s  in  c a lc u la t in g  th e  number of young b o m  p er l i t t e r  by 
o m ittin g  th ese  l i t t e r s  from th e  c a lc u la t io n s .  No a llo w a n ce , 
how ever, could be made in  c a lc u la t in g  the number o f young b om  
per p a ir .  However, the e r r o r s  produced are sm all and th e  
o c c a s io n s  when they occur are in d ic a te d  in  Appendix A, Table 3*
The most im portant c r it e r io n  o f f e r t i l i t y  i s  th e  number o f  
young weaned per p a ir . In  t h i s  r e sp e c t  th ere  was l i t t l e  
d if fe r e n c e  through fo u r  g en era tio n s  between the A (v ) ,  A (y ) and 
C57BL s tr a in s  a t  2 l°C . A t t h is  tem perature the mean nunber 
of young weaned p er p a ir  was 1 7 .7 ,  2 0 .7  and 2 0 .4  r e s p e c t iv e ly .  
In  a l l  s t r a in s  f e r t i l i t y  was low er a t  -3^C, where th e  
corresp on din g  f ig u r e s  f o r  th e th ree  s t r a in s  were 6 .1 ,  4*3 and 
4 .2 .  The f e r t i l i t y ,  measured in  terms o f  mean number o f  young 
weaned per p a ir ,  o f the A(V) s tr a in  was l e a s t  a f f e c te d  by th e  
low  tem perature, showing a red u ctio n  o f 65 per c e n t ,  w h ile  th a t  
o f  both  the A(Y) and the C57BL s t r a in s  was reduced by 79 per  
c e n t .
The/
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The re d u ctio n  in  the number o f young b o m  and weaned per  
l i t t e r  was remarkably s l i g h t .  The main d e c l in e  in  f e r t i l i t y  
was th e r e s u l t  o f th e la r g e  number o f  w hole l i t t e r s  l o s t .
The number o f l i t t e r s  born per p a ir  was h ig h  in  a l l  th ree  
s t r a in s  a t  2l°G and a lth ou gh  t h is  f ig u r e  was reduced in  th e  
c o ld , th e prop ortion  o f  l i t t e r s  th a t  su rv iv ed  u n t i l  weaning was 
v ery  much low er a t  - 3 C^ than a t  21 0^ .
The r e s u l t s  ob tained  from m ice tr a n s fe r r e d  to  -3%  a t  th e  
age o f  8 weeks (B a rn ett and M anly, 1956) a g r e e , f o r  the most 
p art w ith  th ose d escr ib ed  above. In  th ese  exp er im en ts, 
how ever, the f e r t i l i t y  of both  the GPP and th e  C57BL s t r a in s  
was reduced by about 90 per c e n t in  th e  c o ld ,  whereas th a t o f  
the A(V) s tr a in  was reduced by on ly  35 Per c e n t . The 
f e r t i l i t y  of th e  GPP s tr a in  a t  21%, w ith  a mean number o f young 
weaned per p a ir  o f 9 . 8 , was low er than th a t o f  th e o th er  s t r a in s  
the corresp on d in g  f ig u r e s  fo r  th e  C57BL and A s t r a in s  were 
l 6 .0  and 18.5  r e s p e c t iv e ly .  C on seq u en tly , th e  f e r t i l i t y  o f  
th e  GPP m ice was extrem ely low a t  -3% ; the mean number o f  
young weaned p er p a ir  a t  - 3% was 0 . 9 , 1 .4  and 12 .7 5  f o r  th e  
GPP, C57BL and A(V) s t r a in s  r e s p e c t iv e ly .
The tr a n s fe r  o f  m ice to  -3%  a s  a d u lts  thus appears in  
g en era l to  r e s u l t  in  a g r e a te r  red u ctio n  in  b oth  f e r t i l i t y  and 
growth than i s  observed in  m ice b om  and reared  in  the c o ld .
The low  f e r t i l i t y  o f  the GPP s tr a in  a t  21% was probably p a r t ly  
th e  reason  why th ese  m ice could  n o t be bred in d e f in i t e ly  a t  
-3°c/
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- 3% , s in c e  a r e la t iv e ly  sm all red u ction  would be l i a b l e  to  
low er the f e r t i l i t y  to  a l e v e l  a t  which the s to c k s  cou ld  n ot  
be m ain ta ined .
( i l )  O estru s . The le n g th  and frequency o f  th e o e s trous  
c y c le  was determ ined by means o f v a g in a l smears in  fem ales  
born and reared a t  - 3% and in  fem ales tr a n sfe r r e d  to  th e  co ld  
from 21% as a d u lt s .  A ll  the m ice were observed to  have 
passed through a t  l e a s t  one o e str o u s  c y c le  b e fo r e  th e s t a r t  o f  
the t e s t  and l i t t e r -m a te s  of m ice tr a n sfe rre d  to th e c o ld  were 
k ep t a t  21% and used as c o n tr o ls .
In  th e  A and C57BL s t r a in s ,  m ice tr a n sfe rre d  to  -3%  a s  
a d u lts  showed a marked red u ction  in  th e number of o estro u s  
c y c le s  over a p eriod  o f 4 weeks compared w ith  c o n tr o ls  a t  
21% (Appendix A , Table 4) # I t  was found th a t u n le ss  th e  
fem ale was ju s t  about to  b e , or was a lr e a d y , in  o e s tr u s  b e fo re  
tr a n s fe r  to  the c o ld , i t  remained in  d io e s tr u s  fo r  6 to  10 
days b e fo r e  the o n se t o f o e s tr u s . A fte r  t h i s  tim e th e  c y c le s  
were o f  a normal le n g th  and freq u en cy , namely 3 to  5 days o f  
d io e s tr u s  in  th e A and C57BL m ice , a s  shown by th e c o n tr o ls .  
The red u ctio n  in  th e  number o f c y c le s  observed over th e  4-week  
p eriod  in  anim als tr a n sfe r r e d  to  - 3% was th e r e fo r e  th e  r e s u lt  
o f t h is  temporary lon g  d io e s tr u s  im m ediately a f t e r  exp osu re.
D io e s tr u s  in  th e GET m ice a t  21% , on the o th er  hand, la s te d  
f o r  8 to  10 days and no red u ctio n  was observed a f t e r  tr a n s fe r  
to  th e c o ld .
O b serv a tio n s/
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O b servation s on A s tr a in  mice b om  and reared a t  -3  0 ,  
compared w ith  th o se  on c o n tr o ls  a t  21% , in d ic a te  th a t  th ere  
was no s ig n i f ic a n t  d if fe r e n c e  between the number of o estro u s  
c y c le s  over a p eriod  o f 14 days in  the two groups o f  anim als  
(Appendix A, Table 5 ) .
I t  seems th a t in  mice reared  a t  -3%  the o estro u s c y c le  i s  
u n a ffe c te d  by the co ld  environm ent, and th a t the same a p p lie s  
to  m ice tr a n sfe r r e d  to  the co ld  as a d u lts  b ut on ly  a f t e r  11 
days* exposure* The long d io e s tr u s  in  the GPP m ice a t  21% 
may account f o r  the low  f e r t i l i t y  observed in  the c o n tr o l m ice  
o f  th is  s t r a in .  D istu rb an ces in  the o estro u s c y c le ,  however, 
do not appear to  be the primary cause of the low ered f e r t i l i t y  
observed in  a l l  the m ice a t  - 3 % .
(c )  Long-term e f f e c t s  on reproduction  and growth
There was n ever  any in d ic a t io n  th a t  the second and 
subsequent g en er a tio n s  of young b om  in  th e c o ld  were b e t t e r  
adapted than the f i r s t  g en era tion  (b o m  o f p aren ts reared in  the  
warm). The t o t a l  growth o f second and th ird  g en er a tio n  m ice 
was s im ila r  to  th a t  o f  th e f i r s t  (Appendix A, T able 1) and th e  
same was true o f th e  body and t a i l  le n g th s .
The rep rod u ctive performance o f the ”reversed** p a ir s ,  th a t  
i s  th e A (y) s tr a in  m ice tr a n sfe rre d  from -3%  to  21% a t  th e  
age o f  5 w eeks, was very s im ila r  to  th a t o f m ice o f th e same 
s t r a in  in  th e  warm. The r e s u l t s  ob ta in ed  from th ese  reversed  
p a ir s  are g iven  below  in  Table 3 to g e th e r  w ith  the f ig u r e s  fo r  




No. of p a ir s 7 15
Mean no. young 
b o n /p a ir
Mean no. young 
w eaned/pair
24 .43  i  2 .3 2  
1 8 .0 0  + 2 .6 4
27 .13  + 2 .9 6
20 .67  ± 2 .5 0
Mean no. young 
b o r V l i t t e r
Mean no. young 
w e a n e d /l it te r
5 .1 8  + 0 .3 6  
3 .8 2  + 0 .4 4
5 .2 9  + 0 .2 0
4 .7 0  + 0 .2 2
Mean no. l i t t e r s  
b o rn /p a ir
Mean no. l i t t e r s  
w eaned/pair
4 .7 1  + 0 .3 4  
3 .5 7  ±  0 .3 4
5 .1 3  + 0 .5 4
4 .4 0  i  0 .5 2
A lthough a l l  the f ig u r e s  f o r  th e  reversed  p a ir s  were 
s l i g h t l y  lower than th ose  f o r  the p a ir s  b o m  a t  21% , th e  
f e r t i l i t y ,  measured in  terms of th e mean number o f  young weaned 
per p a ir ,  was n ot s ig n i f i c a n t ly  reduced in  th e  reversed  m ice. 
These r e s u l t s ,  th e r e fo r e , do n ot g iv e  any in d ic a t io n  o f a lo n g ­
term g e n e t ic a l  a l t e r a t io n  in  th e  b reed in g  s to c k s  a t  - 3% , s in c e  
a f t e r  tr a n s fe r  to  21% th e rep ro d u ctiv e  performance o f  th e se  
m ice was comparable to  th a t o f m ice born and reared  in  th e warm,
(a )/
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(d ) Changes in  endocrine g lan ds
( i )  W eigh ts. The w e ig h ts  o f th e  ad ren a l and thymus g lands  
o f  th e  unmated m ice a re  g iv en  in  Appendix A, Table 6.
There was an in c r e a se  in  the r e la t iv e  ad ren al w eigh ts of 
m ice reared a t  - 3% compared w ith  c o n tr o ls  a t  21% , and t h i s  
was e s p e c ia l ly  ob vious in  th e A(v) s t r a in .  T his in c r e a se  was 
s t a t i s t i c a l l y  s ig n i f ic a n t  in  a l l  groups ex cep t th e a(Y) fe m a le s . 
A lthough growth and rep rod u ction  a t  b o th  tem peratures was v ery  
s im ila r  in  the a(V) and a(Y) s t r a in s ,  th ey  showed a marked 
d if fe r e n c e  in  th e  amount o f ad ren al hypertrophy a t  -3 % . In  
the A(v) m a les, the mean r e la t iv e  ad ren a l w eigh t a t  21% was 
4 .5 3  mg./lOO g . w h ile  a t  -3%  i t  was 1 0 .0 2  mg./lOO g . , an 
in c r e a se  o f 1 2 1 .2  per c e n t . In  the a(Y) m a les, on th e o th er  
hand, th e corresponding f ig u r e s  were 4 .2 2  mg. and 6 .5 6  m g ., an 
in c r e a se  o f on ly  5 5 .5  per c e n t . In th e fem a les  t h i s  d if fe r e n c e  
betw een the s t r a in s  was even more marked. The mean ad ren a l 
w eigh t o f  the a (v )  fem ales was in crea sed  by 118 .3  per ce n t in  
the c o ld , w h ile  th a t o f the a(Y ) fem a les  was in crea se d  by on ly  
1 3 .6  per c e n t .
E xcept fo r  th e  a (v )  fe m a le s , th er e  was no s ig n i f i c a n t  
d if fe r e n c e  betw een the thymus w e ig h ts  o f m ice aged I 6 weeks a t  
th e  two tem peratu res, a lth ough  th ose  o f  mice a t  - 3 % tended to  
be low er . In  th e  a(V) fe m a le s , th e  r e la t iv e  thymus w eigh ts  
were s ig n i f i c a n t ly  h ea v ier  a t  - 3% than a t  21% , b u t no 
ex p la n a tio n  can be g iven  f o r  t h i s  su r p r is in g  r e s u l t .
I t /
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I t  was found im p o ssib le  to  make accu ra te  d eterm in ation s  
of th y ro id  w eight in  th e se  exp erim en ts. The gland appeared  
to b e e n t ir e ly  f r e e  o f muscle when i t  was removed under a le n s .  
However, on exam ining s e c t io n s  under the m icroscop e, a very  
th in  b ut v a r ia b le  sh e e t  of m uscle was fr e q u e n tly  found to  be  
adhering to  i t s  l a t e r a l  lo b e s  underneath the o u ter  sh eath  o f  
co n n ec tiv e  t i s s u e .  A ttem pts to  remove t h is  sh eath  and the  
u n d er ly in g  m uscle in v a r ia b ly  r e su lte d  in  damage to  the g lan d . 
Exam ination o f  th e th y ro id  glands was th ere fo re  co n fin ed  to  
t h e ir  h i s t o lo g ic a l  appearance.
f i i )  H is to lo g ic a l  e f f e c t s . H is t o lo g ic a l ly ,  th e ad ren al 
and th yro id  g lands of A s tr a in  m ice from the two tem peratures 
were in d is t in g u is h a b le . There was no ev id en ce o f any d e p le t io n  
of su d an op h ilic  su b stan ce from the ad ren al co r tex  o f m ice k ep t  
a t  -3%  e ith e r  in  th e  unmated m ice (Appendix B , P ig s  3 ,  4) or  
in  the b reed in g  p a ir s  (Appendix B , P ig s  5 ,  6 ) .  The th yro id  
g lan d s of mice reared a t  - 3% showed on in sp e c t io n  a normal 
in c id e n c e  o f  m oderately  a c t iv e  and in a c t iv e  f o l l i c l e s  (Appendix 
B , P ig s  7 , 8 ) .
( e) D isc u ss io n
These r e s u lt s  show th a t a lth ou gh  the A and C57BL s tr a in s  
w i l l  probably breed in d e f in i t e ly  in  th e  c o ld , th e rep rod u ctive  
performance and growth o f a l l  the s t r a in s  were markedly a f fe c te d  
b y the low tem perature.
( i ) /
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( i )  Thermal r e la t io n s h ip s . The advantages o f a la r g e  
body s i z e  to  a mammal l i v in g  in  a co ld  environm ent have a lread y  
been  d isc u sse d  in  th e  In tr o d u c tio n . In t h is  s e c t io n  i t  was 
a ls o  mentioned th a t  L aurie (1946) found th a t w ild  m ice l iv in g  
in  co ld  s to r e s  were la r g e r  than w ild  m ice l iv in g  a t  ord inary  
tem peratu res. T h is may have rep resen ted  a g e n e t ic a l  d if fe r e n c e  
and in  the co ld  c o n d it io n s  the in c r e a se  in  s i z e  may have been  
an advantage. In the experim ents d escr ib ed  ab ove, however, 
w ith  th e  ex cep tio n  o f the C57BL s tr a in  a t  3 and l 6 w eeks, mice 
bred  a t  - 3% were l i g h t e r  a t  a l l  ages than c o n tr o l anim als 
k ep t a t  21% . Even th e C57BL m ice reared  a t  -3%  d id  n ot grow 
la r g e r  than the c o n tr o ls .  These r e s u l t s  are  in  agreem ent w ith  
th o se  o f  R e t z la f f  ( 1939) who rep orted  th a t a d u lt  w hite m ice 
l i v in g  in  a co ld  environment were l ig h t e r  than th o se  l iv in g  a t  
normal tem peratures.
Thus inbred la b o ra to ry  mice show no a b i l i t y  to  adapt them- 
: s e lv e s  to a co ld  environment by in crea sed  t o t a l  grow th.
In  th e p resen t experim ents i t  was found th a t a f t e r  a 
r e ta r d a tio n  o f  grow th, th e C57BL m ice in  the co ld  grew a t  a 
f a s t e r  ra te  than the c o n tr o ls  f o r  s e v e r a l  weeks b e fo r e  r e v e r tin g  
to  a normal growth r a te .  T his type o f  over-com pensation  a f t e r  
a se t-b a c k  i s  q u ite  common. C larke and Smith (1938) su b jected  
young a lb in o  r a ts  to  varying p er io d s o f s e m i-s ta r v a tio n  by  
r e s t r ic t in g  th e ir  in ta k e  o f energy-producing food  o r  o f  m ineral 
s a l t s /
24
s a l t s .  T his treatm ent produced a marked su p p ression  o f  growth. 
When th e  anim als were l a t e r  g iven  a f u l l  d i e t ,  C laifee and Smith  
found th a t  th o se  g iven  th e  r e s t r ic t e d  d ie t  f o r  th e s h o r te s t  
p e r io d , namely 3 w eeks, over-com pensated by exceed in g  the  
growth o f  th e  c o n tr o l r a t s .  R ats stu n ted  by e ith e r  method fo r  
lo n g er  p eriod s f a i l e d  to  rega in  lo s s e s  su ffe r e d  during  suppressed  
growth. A s im ila r  e f f e c t  was reported  by B am es e t  a l . (1947)  
who stu d ied  th e  growth o f normal r a ts  and o f r a ts  stu n ted  by a 
r e s t r ic t e d  d ie t  f o r  330 or 900 d a y s . They found th a t when 
the an im als were g iven  a f u l l  d i e t  the i n i t i a l  r a te  o f in c r e a se  
o f  th e  r a t io  o f  body w eight to  t ib i a  le n g th  ( g .  per cm.) was 
much g r e a te r  than th e  ra te  o f in c r e a se  o f th is  r a t io  f o r  the  
c o n tr o l r a ts  a t  any tim e during t h e ir  l i v e s .
Another type of ad ap tive  growth change which m ight be 
exp ected  to occu r in  m ice l i v in g  in  a co ld  environm ent i s  an 
a l t e r a t io n  in  b o d ily  p ro p o rtio n s . I t  has been  m entioned in  
th e  In tro d u ctio n  th a t  accord in g  to  A lle n  (1877) such d if fe r e n c e s  
do occur betw een r e la te d  s p e c ie s  l i v in g  in  d i f f e r e n t  c l im a te s .  
Sumner (1915) reported  th a t  rea r in g  m ice in  th e co ld  le d  to  a 
red u ctio n  in  the w eigh ts and le n g th s  o f  f e e t ,  ears and t a i l s .
In  th e  p resen t experim ents no ev id en ce  has been obtained  so f a r  
o f any red u ctio n  in  the le n g th s  o f f e e t  or ea rs among m ice 
reared  a t  - 3% , b u t , as s ta te d  above, th e  t a i l  len g th  was reduced  
W hether t h is  has any ad ap tive  s ig n if ic a n c e  in  terms o f h ea t  
co n serv a tio n  i s  n ot e s ta b lis h e d . B a rn ett (1956) showed th a t  
th e /
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th e  su r fa ce  body tem perature o f m ice l iv in g  a t  - 3 % was about 
30% . The amount o f  h ea t lo s s  v ia  the t a i l ,  th e r e fo r e , must 
be sm a ll compared w ith  the h ea t l o s s  over the w hole su r fa ce  
o f  the body. A red u ction  in  t a i l  len g th  of th e amount ob- 
: served  in  th ese  experim ents i s  u n l ik e ly  to  in v o lv e  any  
s u b s ta n t ia l  red u ctio n  in  the area over which h e a t lo s s  o ccu rs . 
The means by which the red u ctio n  i s  brought about i s  a sep arate  
q u estion : the sh o r te r  t a i l s  o f m ice reared in  th e co ld  may be
a r e s u l t  of prolonged v a s o -c o n s tr ic t io n  in  the t a i l  during  
e a r ly  in fa n cy .
In gen eral i t  seems th a t th e  main e f f e c t  o f the growth  
changes observed i s  l i k e ly  to  be d isadvantageous: a red u ction
in  s i z e  a t  a low tem perature means th a t th e anim al w i l l  produce 
s t i l l  more h ea t than would b e n e c e ssa r y  i f  i t s  s i z e  were 
unchanged.
( i i )  R eproduction . There i s  l i t t l e  p u b lish ed  in form ation  
on the e f f e c t s  o f  a low environm ental tem perature on reproduc- 
: t io n  in  mammals. Lee (1926) found th a t th e  o e s tr o u s  c y c le  
in  a lb in o  r a ts  was len gth en ed  by exposure to  outdoor w in ter  
tem peratures b u t , accord in g  to  Park es and Bram bell (1 9 2 8 ) , the 
t r a n s fe r  o f la b o ra to ry  mice from an environment o f  about 18% 
to  one o f  about 0 % led  to  o n ly  a temporary d istu rb a n ce  o f the  
o e s tr o u s  c y c le .  These r e s u l t s  o f  Parkes and Bram bell have 
been  confirm ed by ob serv a tio n s on a l l  s t r a in s  o f  m ice used in  
t h e /
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the experim ents d escr ib ed  in  S e c t io n  3 (b ) and, in  a d d it io n , i t  
has b een  found th a t  th e o estro u s c y c le  of A s tr a in  m ice reared  
in  the co ld  i s  norm al.
I t  i s  p o s s ib le  th a t  th e  f e r t i l i t y  o f th e m ales i s  a f f e c t e d ,  
s in c e  a lth ou gh  the t e s t e s  o f  the mice in  the c o ld  do n o t descend  
to  the same e x te n t a s th o se  o f the c o n tr o l an im a ls, th e  s c r o ta l  
tem perature may be below  the l e v e l  f o r  maximum f e r t i l i t y .
B ogart and Mayer (1946) have shown, however, th a t the e f f e c t s  
o f h ea t on reprodu ction  in  r a ts  are due to  changes in  th yro id  
fu n c t io n  and n o t to  d ir e c t  e f f e c t s  on the t e s t e s .  I t  i s  
th e r e fo r e  p o s s ib le  th a t th e low tem perature has no d ir e c t  e f f e c t  
on the t e s t e s  e i t h e r .
The r e s u l t s  ob ta ined  from the **reversed** b reed in g  p a ir s ,  
th a t  i s  th o se  tr a n sfe r r e d  from - 3% to  21% a t  the age o f  5 
w eeks, in d ic a t e ,  a s  ex p ec ted , th a t a f t e r  s e v e r a l g en er a tio n s  in  
th e  co ld  th e experim ental m ice are n o t s u b s ta n t ia l ly  d i f f e r e n t  
in  rep rod u ctive  a b i l i t y  from th o se  in  th e  warm. There i s  no 
reason  to  th in k  th a t any major g e n e t ic a l  change occurred in  
th e m ice a t  -3%  # The reason f o r  the few er number o f  l i t t e r s  
b o m  in  th e  c o ld  i s  d i f f i c u l t  to  determ ine, e s p e c ia l ly  s in c e  
the o estr o u s  c y c le  was u n a ffe c te d . A la r g e  number o f  th e  
d ea th s during in fa n c y  observed among th e m ice l iv in g  a t  - 3 % 
must be due to  th e d ir e c t  e f f e c t  o f  the co ld  on the young m ice 
th em se lv es .
( i l l ) /
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( i l l )  E nd ocrino logy . The f a c t  th a t the th y ro id  g lan d s  
are e s s e n t ia l  f o r  the su r v iv a l o f mammals exposed to  co ld  has 
been  known fo r  many y e a r s , and r e c e n t ly  Barrow and Money ( 1949) 
and E r sh o ff (1948) found th a t  th io u r a c i l - tr e a te d  r a ts  lo s e  
t h e ir  a b i l i t y  to  su rv ive  in  a co ld  environm ent. Leblond and 
G ross (1943) showed th a t thyroidectom y g r e a t ly  shortened  the 
su r v iv a l p er iod  o f a d u lt  r a ts  exposed to  tem peratures o f  0 % 
to  - 2% , a lth ou gh  th e immediate r e a c t io n s  to  co ld  o f in c r e a s e  
in  m eta b o lic  r a t e ,  o f food  consumption and o f ad ren al e n la r g e -  
:ment were comparable to  th ose  o f  normal a n im a ls , and so were 
n ot m ediated e n t ir e ly  by th e th y ro id . These r e s u l t s  agree  
w ith  th e f in d in g s  o f S e l l e r s  and You (1950) who a t tr ib u te d  part 
o f th e immediate r i s e  in  the m etab o lic  r a te  to  m uscular e x e r c ise , 
I n s u f f i c i e n t  ev id en ce has been ob tained  so  f a r  from th e m ice 
reared  a t  - 3 % to  determ ine whether th ey  show any su sta in e d  
in c r e a se  in  m uscular a c t i v i t y .  The work o f Hart (1952) on 
mice and Hart and Heroux (1955) on lemmings and r a b b its ,  
in d ic a t e s  th a t  i t  i s  u n lik e ly  th a t a c t i v i t y  i s  in crea se d  in  the  
c o ld . These au th ors found th a t  e x e r c is e  in  co ld  environm ents  
can have a d e le te r io u s  e f f e c t  on tem perature r e g u la t io n , s in c e  
work in v o lv in g  m uscular e x e r c is e  tend s to d ecrease  in s u la t io n .
As a r e s u l t ,  much o f the h ea t produced by the work may n o t be  
a v a i la b le  fo r  m ain ta in in g  body tem perature in  a co ld  environm ent
The in creased  a c t i v i t y  o f th e  th y ro id  g lan ds in  mammals 
exp osed /
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exposed to  c o ld  has "been descri"bed in  g re a t d e t a i l  in  many 
p ap ers, in c lu d in g  th ose o f B a i l l i f  (1937) and C atz e t  a l . (1953)#  
Turner (1946) showed th a t th e th yro id  glands o f m ice in c r e a se  
in  s i z e  a f t e r  exposure to c o ld . T his in c r e a se  in  s i z e  was 
used "by Dempsey and Astwood (1943) to  measure the in c r e a se  in  
thyroid  hormone production  which occurs w ith  a low erin g  o f the  
environm ental tem perature. They measured the amount o f  
exogenous th yro id  hormone th a t  was n ecessa ry  to  prevent h yp er-  
: trophy o f  th e  th yro id  glands o f t h io u r a c i l - t r e a te d  r a t s .
S teven s e t  a l . (1955) found th a t the ra te  o f r e le a s e  o f th y r o id a l  
r a d io - io d in e  in  g u in ea -p ig s  exposed to tem peratures o f  5% to  
9% was approxim ately  dou"bled.
Lehlond e t  a l . (1 9 4 4 ) , u s in g  r a ts  in je c te d  w ith  r a d io -  
io d in e ,  showed th a t  a f t e r  40 days* exposure to  tem peratures o f  
0 % to  2% , the io d in e  meta"bolism was "back to  c o n tr o l l e v e l s  and 
the h i s t o lo g ic a l  appearance o f  the th y ro id s  was s im ila r  to  th a t  
o f  th e c o n tr o ls .  S ta rr  and R o sk e lly  (1940) a ls o  showed th a t  
th e  e p i t h e l i a l  changes and lo s s  o f c o l lo id  in  the th y ro id s  o f  
r a ts  exposed to  12% returned to  normal and th e gland showed an 
in v o lu t io n  o f  hypertrophy a f t e r  about 45 days* exp osu re. These  
r e s u l t s  are in  conform ity  w ith  th e normal appearance of th e  
th yro id  g lan ds o f  th e mice l iv in g  in  th e co ld  in  the experim ents  
d escr ib ed  above.
Prolonged exposure to co ld  a ls o  ca u ses an in c r e a se  in  the 
w e ig h t/
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w eigh t o f the ad ren al g la n d s, a s  observed in  th e  p resen t  
exp erim en ts. A lthough most au th ors f in d  th a t the in c r e a se  
ta k es p la ce  in  th e c o r te x , Morin (1946) and S c h a e ffe r  (1946) 
c o n s id e r  th a t  th e m edulla a ls o  i s  en la rg ed . T his p o in t  has 
n ot y e t  been examined in  the m a te r ia l c o l le c t e d  in  th e  p resen t  
exp erim en ts.
( i v )  Cold r e s is t a n c e  in  young and in fa n t  mammals. I t  has  
been s ta te d  above th a t the co ld  environm ent may have been  the  
d ir e c t  cause o f much o f the m o r ta lity  among in fa n t  m ice l iv in g  
a t  -3 % . The e f f e c t s  o f  a low tem perature on m ice o f  t h is  
a g e , how ever, cannot be judged on th e b a s is  o f  the p h y s io lo g ic a l  
changes which occur in  a d u lts . The changes which take p la c e  
in  th e  th y ro id s and ad ren a ls  and th e  ra ise d  m etab o lic  r a te  
which t y p ic a l ly  occur when an a d u lt  mammal i s  su b jec ted  to  co ld  
are n o t alw ays observed in  in fa n t  mammals. S ev er a l workers 
have shown th a t r a ts  and m ice are p o ik ilo th erm ou s a t  b ir t h .
F itz g e r a ld  (1955) found th a t  th e  oxygen consum ption o f  
newborn m ice in c r e a s e s  w ith  a r i s e  in  the environm ental tempe- 
: ra tu re  from 0% to  5% . He showed th a t ,  a t  th e se  tem peraturesj 
a l l  the oxygen needed by the anim al could  be ob ta in ed  by sim p le  
d i f f u s io n ,  and th a t  no gro ss  r e s p ir a to r y  movements were 
observed u n t i l  the tem perature ro se  to  11% . F a ir f i e ld  ( 1948) 
co o led  0 -  to  17-d a y -o ld  r a ts  to  tem peratures ran gin g  from  
20% to  2% and observed an im m ediate f a l l  in  in tr a p e r ito n e a l  
tem peratu re/
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tem perature. He a l s o  showed th a t  r a ts  up to  10 days o f age 
co u ld  he co o led  u n t i l  th e ir  m etab o lic  r a te  (m easured by oxygen 
consum ption) f e l l  to  zero and remained so  fo r  108 m in u tes , 
and th a t when re-warmed they showed a com plete reco v ery . The 
work o f  Adolph (1 9 4 8 , 1951) in d ic a te s  th a t th ese  o b serv a tio n s  
were th e  r e s u lt  o f  a combined to le r a n c e  o f young r a ts  to  b oth  
c o ld  and an o x ia . Adolph a ls o  dem onstrated th a t to le r a n c e  to  
anoxia  i s  l o s t  b e fo r e  th a t to  c o ld . H i l l  (1947) found th a t  
th e  a b i l i t y  o f w hite r a ts  to c o n tr o l t h e ir  body tem perature 
was n o t developed  u n t i l  the 18th day a f t e r  b ir t h .  He found  
th a t  during the p eriod  from the 18th  to  th e 30th  day th ere  was 
rap id  developm ent o f r e s is ta n c e  to  c o ld  and th a t t h is  was 
fo llo w e d  by a slow  improvement in  tem perature c o n tr o l up to  
th e age o f 6o d ays. Capek e t  a l . (1956) and Hahn (1956) have 
shown th a t in  r a t s  the developm ent o f e f f e c t iv e  thermo­
r e g u la t io n  depends on th e a b i l i t y  o f the l i v e r  and m uscles to  
r e le a s e  s to red  g lycogen  on exposure o f the anim al to  c o ld ,  and 
th a t  t h is  d evelop s on ly  a t  18 d ays.
I t  i s  probable th a t ,  l ik e  r a t s ,  in fa n t  mice can t o le r a t e  
a f a l l  in  body tem perature. B a rn ett (1956) showed th a t  m ice 
b o m  a t  - 3% are exposed to  low n e s t  tem peratures a t  freq u en t  
in t e r v a ls  during in fa n c y . They b eg in  to  r e g u la te  th e ir  body 
tem perature b e fo r e  the age of 21 d ays, b u t n ot a t  f i r s t  in  so 
e f f i c i e n t  a manner a s  a d u lt s .
T h ese/
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These r e s u l t s  in d ic a te  th a t  one o f th e most c r i t i c a l  
tim es in  the l i f e  o f the mice exposed to  co ld  in  the p resen t  
exp erim en ts must he exp ected  to  he a t  the age of 21 d a y s, when 
they  are sep arated  from th e ir  p a r e n ts . By t h is  tim e they have 
presumably l o s t  t h e ir  to ler a n c e  to co ld  and when they  are  
sep ara ted  from th e ir  p aren ts they are deprived  o f an im portant 
sou rce o f  h ea t and m ight be exp ected  to  s u f fe r  s e v e r e ly  from 
c o ld  exposure. A number o f d eath s among the m ice bred a t  
-3%  d id  occur a t  t h i s  tim e. There w ere, how ever, no deaths  
in  s t r a in  A when, a t  5 w eeks, th e unmated members o f a l i t t e r  
were sep a ra te d , even i f  one in d iv id u a l was kept a lon e  in  a cage.
I t  i s  e v id e n t th a t  in d iv id u a l s i z e  and numbers in  a l i t t e r  
are n o t th e on ly  f a c to r s  d eterm in in g  su r v iv a l in  the co ld  and 
th a t  some p h y s io lo g ic a l  ad ap ta tion  occurs between the ages o f  
3 and 5 w eeks, s im ila r  to  th a t d escr ib ed  fo r  r a t s .
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IV. OBSERVATIONS ON YOUNG MICE
A s s ta te d  above in  S e c t io n  2( d ) ,  mice o f b o th  the A(V) 
and th e A(Y) s t r a in s  were used in  the experim ents d esign ed  to  
stu d y some o f the e f f e c t s  o f sudden exposure to  co ld  in  young 
m ice. The experim ents a lread y  d escr ib ed  have in d ic a te d  s l i g h t  
growth d if fe r e n c e s  between th ese  two s tr a in s  a t  the age o f 16 
weeks a t  b o th  21% and - 3 % and a marked d if fe r e n c e  between  
r e la t iv e  ad ren a l w eigh ts in  th e two s t r a in s  reared in  th e c o ld .  
No d if fe r e n c e  in  r e la t iv e  adrenal w e ig h t, how ever, was ev id en t  
in  m ice aged 3 or 5 weeks. In th e experim ents in v o lv in g  
tr a n s fe r  o f mice aged 3 , 5 or 12 weeks from 21% to  - 3% , th e  
changes observed in  th e body w eigh ts and r e la t iv e  organ w eigh ts  
were a lm ost id e n t ic a l  in  the A(V) and A(Y) s t r a in s .  F or  
co n v en ien ce , th e r e fo r e , the f ig u r e s  g iv en  in  the T ables in  
Appendix A are c a lc u la te d  from the combined r e s u lt s  o f  the two 
s t r a in s .  S e le c te d  exam ples o f th e  f ig u r e s  ob ta ined  from the  
in d iv id u a l s t r a in s  are g iven  in  Appendix A, Table 14 . Owing 
to  th e  sm all numbers o f m ice , i t  i s  n o t y e t  p o s s ib le  to  s ta t e  
th a t a t  no p o in t were th e d if fe r e n c e s  s t a t i s t i c a l l y  s ig n i f i c a n t .  
However, any d if f e r e n c e s  observed in  th ese  young mice between  
th e two s tr a in s  a t  a g iven  tem perature were very much sm a ller  
than the d if fe r e n c e s  found between tem peratures.
Mice o f a l l  th ree age groups th a t were tr a n sfe r r e d  to the 
co ld  from 21% su ffe r e d  an i n i t i a l  f a l l  in  body w e ig h t . T his  
w as/
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was probably th e  r e s u l t  o f a lo s s  o f  body f a t ,  s in c e  th e  amount 
o f abdominal f a t  was seen  on in sp e c tio n  to  be g r e a t ly  reduced.
(a )  12-w eek -o ld  mice
There were no d eath s among th e m ice aged 12 w eeks. These 
m ice had a lm ost stopped growing b e fo r e  the experim ent began  
and th e m ales d id  n ot rega in  the l o s t  w eigh t; th a t i s ,  a f t e r  
21 days* exposure th e ir  w eig h ts  remained about 3 g . below  
t h e ir  mean i n i t i a l  w eight o f 28 .3  g* The fe m a le s , how ever, 
had n e a r ly  rega in ed  t h e ir  i n i t i a l  w eight (mean va lu e  2 3 .8  g .)  
a f t e r  21 d ays.
The growth of the c o n tr o l an im a ls, th a t i s  th ose  k ep t a t  
21% , was so  s l i g h t  th a t the organ w eigh ts o f  both  exp erim en tal 
and c o n tr o l m ice are exp ressed  in  terms of mg./lCO g . o f the  
i n i t i a l  body w eight (Appendix A , Table 7 ) .  During th e  
experim ent th e thymus g lan ds o f  m ice of b o th  sex es  d ecreased  
in  w eight r e la t iv e  to  body w eight and th e adrenal g lan ds  
in c r e a se d .
In b o th  se x e s  the thymus g lan ds were s i g n i f i c a n t ly  reduced  
a f t e r  7 days* exposure by comparison w ith  th o se  of the  
12-w eek -old  c o n tr o ls ;  the mean thymus w eigh t o f the m ales was 
reduced by 47 p er cen t and th a t  o f the fem ales by 41 p er  c e n t .  
A fte r  21 days th e  thymus w eig h ts  were s t i l l  s ig n i f ic a n t ly  
d i f f e r e n t  from th ose  of the c o n tr o ls  aged 15 weeks a lth o u g h , 
e s p e c ia l ly  in  the fe m a le s , th e  d if fe r e n c e  was l e s s  than a t  7 
d a y s /
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d ays. A f t e r  21 days* exposure th e  mean thymus w eigh t o f th e  
m ales was reduced by 4 I p er cen t and th a t  of the fe m a le s .b y  
on ly  26 per c e n t .
The ad ren al g lands o f b oth  sex e s  were f o r  some tim e n ot  
s ig n i f i c a n t ly  h e a v ie r  than th ose  of the c o n tr o ls .  Between 7 
and 21 d a y s, however, th e d if fe r e n c e  became s ig n i f ic a n t  and 
a f t e r  21 days* exposure th e mean ad ren al w eigh t o f the m ales 
was in crea se d  by 36 per cen t and th a t o f the fem ales by 59 
per c e n t .
The h is t o lo g y  of the ad ren a l g lan ds a ls o  changed a s  a
r e s u l t  o f exposure to  co ld ; in  p a r t ic u la r ,  th e  zona f a s c ic u la t a
o f  th e c o r te x  was markedly a f f e c t e d .  The changes in  the
ad ren al c o r te x  of a mammal exposed to co ld  are i l lu s t r a t e d
d iagram m atica lly  in  Appendix B , P ig .  9 . P ig .  9 (a ) r e p r esen ts
a s e c to r  of a normal adrenal g lan d ; th e  s t ip p le d  area
re p r e se n ts  th e  c o r te x , w ith  an o u ter  zona glom erulosa and a
wide in n er  zona fa s c ic u la t a ;  th e innerm ost zone of the c o r te x ,
the zona r e t i c u la r i s ,  has been om itted  and th e  unshaded reg ion
r e p r e se n ts  the m edulla . The degree o f s t ip p l in g  in d ic a t e s  the
co n cen tra tio n  o f  l ip id  m a te r ia l which r e a d i ly  tak es up Sudan
s t a in s .  P ig .  9 (b ) re p r esen ts  th e  appearance o f  the gland
.
a f t e r  about 6 hours* exposure to  co ld ; the immediate re a c tio n  
i s  d e p le t io n  o f th e su d an op h ilic  su b sta n ce . P ig .  9 (c )  
r e p r e se n ts  a gland a f t e r  about 36 hours* exposure: fu r th e r
l i p i d /
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l i p i d  d e p le t io n  occurs w ith  hypertrophy o f the zona f a s c ic u la t a .  
T h is i s  d escr ib ed  by S e ly e  (1937 , 1946) as the **alarm reaction**. 
P ig .  9 (d ) rep resen ts  th a t o f an anim al which d ied  during  th e  
experim ent; the l ip id  d e p le t io n  in  such c a se s  i s  o fte n  
extrem e and accord ing to  S e ly e  maximum hypertrophy may occur  
d uring  t h i s  phase. The q u estion  w hether t h is  should b e  
d escr ib ed  as an **exhaustion'* phase w i l l  b e  d isc u sse d  l a t e r .
P ig .  9 (e )  rep resen ts  a gland a f t e r  about 7 days* exp osu re. 
D uring the **resistance** or **recovery** s ta g e  the l ip id  
re-accu m u lates in  the f a s c ic u la t a  and may be p resen t in  supra- 
: normal amounts. The zona f a s c ic u la t a  a t  t h i s  s ta g e  shows 
c o n s id e ra b le  hypertrophy.
The ad ren a ls o f  a l l  12-w eek-old  m ice which were k i l l e d  
a f t e r  6 to  48 hours* exposure showed th e  ty p ic a l  **alarm** 
r e a c t io n ;  a l l  th ose k i l l e d  a f t e r  7 or 21 days were found to  
be in  th e  **recovery** s ta g e  (Appendix B , P ig s  1 0 , 1 1 ) . The 
maximum hypertrophy, in d ic a te d  by in c r e a se  in  r e la t iv e  w eight 
o f th e whole g lan d , was observed a f t e r  21 days* exp osu re , 
showing th a t the ex tra  growth o f the gland continued  a f t e r  the  
re -accum ulat io n  of th e  su d an op h ilic  su b stan ce w ith in  th e  
f a s c ic u la t a .
The thyroid  g lan d s of th ese  mice became more a c t iv e  
im m ediately  a f t e r  exposure (Appendix B , P ig s  12 , 1 3 ) . As the  
photom icrographs i l l u s t r a t e ,  the f o l l i c u l a r  ep ith e liu m  was 
h eigh ten ed  and th e n u c lea r  volume in c r e a se d . In a d d it io n ,  the  
c o l l o i d /
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c o l lo id  became l e s s  b a s ic  and th e change in  pH was c le a r ly  
in d ic a te d  by u se  of th e Masson trichrom e s t a in .  The c o l lo id  
o f a r e s t in g  f o l l i c l e  s ta in e d  re d , th a t o f an a c t iv e  f o l l i c l e ,  
green . The th yro id  g lan ds o f 1 2 - or 15-w eek -o ld  c o n tr o l m ice , 
k ep t a t  21% , con ta in ed  a m ixture o f  a c t iv e  and in a c t iv e  
f o l l i c l e s .  The a c t iv e  ones were m ainly in  the ou ter  p art o f  
th e  g la n d . A fte r  the mice had been exposed to  co ld  n ea r ly  
every f o l l i c l e  was found to  co n ta in  c o l lo id  which had taken up 
th e  green  s t a in .
T h is in c r e a se  in  a c t i v i t y  of the th y ro id  g lan ds w as, a s  
m ight be e x p e c te d , s t i l l  apparent a f t e r  21 days* exposure.
(b ) 5-w eek -o ld  m ice
( i )  S tr a in  A . 5-w eek-old  m ice of the A s tr a in  which were
tra n sferred  to th e  co ld  from 21% showed the i n i t i a l  d e c l in e  
in  vfeight but began to  grow again  a f t e r  48 hours* exposure  
(Appendix A, Table 8; Appendix B , P ig s  14 , 1 5 ) . A f te r  21 
days they were h ea v ier  than a t  the s t a r t  o f th e exp erim en t, 
a lth ou gh  th ey  had much l e s s  abdominal f a t .  There was one 
ex c ep tio n  to t h i s  sta tem en t, namely a m ale, which w i l l  b e  
r e fe r r e d  to  aga in  la t e r .  There were no deaths in  t h is  group 
o f  5-w eek -o ld  m ice.
The c o n tr o l anim als grew very l i t t l e  in  48 h ou rs. The 
organ w e ig h ts  o f mice k i l l e d  a f t e r  0 ,  6 , 24 and 48 hours* 
exposure are th e r e fo r e  exp ressed  in  term s o f m g ./100 g . o f  the  
i n i t i a l /
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i n i t i a l  body weight* A fte r  7 d a y s , how ever, th e  exp erim en tal 
anim als had begun to  grow a g a in , a lth ough  th e ir  tota l*  body 
w eigh t remained l e s s  than th a t o f the c o n tr o ls  a t  th e same age* 
T his d if f e r e n c e  was p a r t ly  due to  th e f a c t  th a t ,  a s s ta te d  
ab ove, a f t e r  tr a n s fe r  from 21% to  -3%  a co n s id e ra b le  amount 
of w eig h t was l o s t  through consumption o f  body f a t .  T his f a t  
was n ot rep la ced  during th e experim ental p er io d . Hence the  
w eigh t o f  a sm all organ, exp ressed  as a prop ortion  o f  th e f i n a l  
body w eigh t a f t e r  7 or 21 days* exp osu re, would g iv e  a m is-  
: lea d in g  im pression  of hypertrophy in  the organ. To a llo w  
fo r  th is  i t  would be d e s ir a b le  to  exp ress each organ w eight as  
a p rop ortion  o f body w eight l e s s  f a t  r e se r v e . The w eight o f  
th e f a t  r e se r v e  in  th ese  m ice w as, how ever, unknown. I n s te a d , 
an a llow an ce was made by d eterm in in g  the mean i n i t i a l  d e c l in e  
in  w eigh t which occurred among experim ental m ice o f th e  same 
a g e , sex  and w eight a s  the c o n tr o l mice when k i l l e d  a t  th e  end 
o f the experim ent. The f ig u r e  of mean lo s s  was exp ressed  a s  
a p ercen tage  of the i n i t i a l  body w eigh t o f th e experim ental 
mice: f o r  m ales, both  a t  7 and 21 d a y s , the l o s s  was 6 per  
cen t; fo r  fem a les  i t  was 9 per c e n t . The body w eigh ts o f  
the c o n tr o l mice used in  the c a lc u la t io n  o f r e la t iv e  organ  
w eigh ts  were th e r e fo r e  th e a c tu a l w eigh ts l e s s  6 and 9 per  
c e n t r e s p e c t iv e ly .  I t  was then p o s s ib le  to  make a d ir e c t  
com parison o f the r e la t iv e  organ w e ig h ts , exp ressed  in  terms 
o f  m g ./100 g. of the f i n a l  body w e ig h t, o f exp erim en tal and 
c o n tr o l/
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c o n tr o l  anim als a f t e r  7 and 21 days* exposure w ith ou t th e  
co m p lica tio n  o f  th e d if fe r e n c e  in  body f a t .
The a c tu a l body w eights o f th e  c o n tr o l m ice a t  7 and 21 
days a re  g iven  below  in  Table 4» to g e th e r  w ith  the mean w eight 
l o s s  among the corresponding experim ental m ice. The 
p ercen tage w eight l o s s  i s  c a l le d  the **allowance**. The standard  
d e v ia t io n s  are g iven  in  b r a c k e ts .
Table 4
M ales Fem ales
7 day 21 day 7 day 21 day
No. o f  mice 
a t  21°C
11 5 10 5
Mean f i n a l  w t. 
in  g . a t  21° C
21 .5 21 .6 1 7 .8 1 8 .9
No. of usioe 
a t  -3°C
9 9 7 6
Mean w t. lo s s  
in  g . a t  -3°C
1 .3 5 (0 .5 ) 1 .3 5 (0 .5 ) 1. 65( 0 . 6 ) ■ 1 . 75(0 . 5 )
A llow ance {%) 6 6 9 9
In Appendix A , Table 8 , th e  a c tu a l f ig u r e s  o f  the r e la t iv e  
organ w eigh ts are  g iven  as w e ll  as the ad ju sted  on es. The 
o c c a s io n s /
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o c c a s io n s  when th e d if fe r e n c e s  between the r e la t iv e  organ w eigh ts  
of th e  exp erim en ta l and c o n tr o l m ice are n o t s ig n i f ic a n t  w ith  
th e  a c tu a l f ig u r e s ,  b u t are  s ig n i f ic a n t  w ith  th e ad ju sted  o n es , 
are in d ic a te d  in  the T ab le . I t  seems probable th a t th e  
a d ju sted  f ig u r e s  rep resen t th e tru e  w eigh t changes b e t t e r  than 
th e unadjusted  f ig u r e s .
The ad ren a l glands in crea sed  and the thymus glands  
d ecreased  in  w eight in  much the same way as d escr ib ed  f o r  th e  
12-w eek -old  m ice and s im ila r  d if fe r e n c e s  were observed between  
th e two s e x e s .
In th e m ales the mean r e la t iv e  thymus w eigh t decreased  
s t e a d i ly  and was s ig n i f i c a n t ly  d i f f e r e n t  from th a t of th e  
c o n tr o ls  a f t e r  7 days* exp osu re. I t  was reduced by 16 per  
c en t a t  48 h o u rs, 37 per c e n t a t  7 days and by 43 per c e n t  a t  
21 d ays. The corresponding f ig u r e s  f o r  the fem ales were 37 
per c e n t ,  34 p er cen t and + 1 .6  per c e n t  ( th e  l a s t  b e in g  an 
in c r e a s e ) .  The d if fe r e n c e  between the thymus w eigh ts o f th e  
exp erim en ta l and c o n tr o l fem ale m ice was h ig h ly  s ig n i f ic a n t  
a f t e r  on ly  48 hours* exposure but th e r e a f te r  the thymus g lan d s  
o f th e experim ental mice ap p aren tly  began to regen era te  and by  
21 days were a c tu a l ly  h e a v ie r  than th o se  o f the c o n tr o ls .
The a d ren a l hypertrophy was aga in  more pronounced in  the  
fe m a le s , in  which th e mean ad ren al w eigh t was in crea sed  by  
50 per c e n t a f t e r  21 days* exp osu re. In th e m ales i t  was 
in crea sed  by on ly  30 p er cen t and did  n o t show a s ig n i f i c a n t  
d if f e r e n c e .
T h is /
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T h is d if fe r e n c e  between the m ales and fem a les  i s  c le a r ly  
i l lu s t r a t e d  in  the graphs shown in  Appendix B , P ig s  14, 15#
In  b oth  sex es  the a l t e r a t io n  in  th e  h is t o lo g y  o f the  
ad ren a l g lan d s was very s im ila r  to  th a t  d escr ib ed  fo r  the  
12-w eek -o ld  m ice, a lth ou gh  th e p a tte r n  o f d e p le tio n  was 
v a r ia b le#  In every mouse examined a f t e r  6 ,  24 o r  48 hours’ 
exposure the adrenal g lan d s showed th e ty p ic a l  **alarm reaction*’ 
and, w ith  one e x c e p tio n , the mice k i l l e d  a f t e r  7 or 21 days 
were found to be in  the **recovery*’ s ta g e  (Appendix B , P ig s  16, 
1 7 ) .
In  order to  in v e s t ig a te  the n ature of th e su d an op h ilic  
m a te r ia l in  th e adrenal c o r te x  p a ir s  o f  a d ja cen t s e c t io n s  were 
taken from 14 ad ren a ls; one o f each p a ir  was s ta in ed  w ith  
Sudan b la ck  and the o th er  w ith  th e S c h u ltz  s ta in  fo r  c h o le s t e r o l  
In a l l  a d ren a ls  the area in  which the r e s p e c t iv e  s ta in s  were 
taken up was id e n t ic a l#  T h is was e s p e c ia l ly  n o t ic e a b le  w ith  
a d ren a ls  in  which th e c o r te x  was p a r t ia l ly  d ep le ted  o f l i p i d ,  
when th e  p a ttern  o f d e p le t io n  was the same in  the two s e c t io n s  
(Appendix B , P ig s  18 , 1 9 ) . These r e s u l t s  in d ic a te  th a t th e  
su d a n o p h ilic  substance or l ip id  o f  th e zona glom erulosa and 
zona f a s c ic u la t a  i s  a lm ost c e r t a in ly  c h o le s t e r o l .  The l ip id  
co n te n t of th e d egen eratin g  X zone o f  the fem ales  did n ot r e a c t  
to  the S c h u ltz  s t a in ,  showing th a t  t h i s  zone does n o t co n ta in  
c h o le s t e r o l  a t  t h is  s ta g e .
The/
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The th y ro id s  became a c t iv e  im m ediately  a f t e r  exposure and 
remained a c t iv e  throughout the 21-day experim ental period  
(Appendix B , P ig s  20 , 2 1 ) .
The one mouse (a  male) which f a i l e d  to  rega in  i t s  i n i t i a l  
w eigh t con tin u ed  to  lo s e  w eight s t e a d i ly ;  when i t  was k i l l e d  
a f t e r  7 days i t  had f a l l e n  from 1 7 .5  g* to  1 3 .5  g## I t s  
thymus gland was reduced to  3 1 .1  mg./lOO g . , a f ig u r e  f a r  below  
th e  mean (8 9 .1  m g ./100 g . ) ,  and i t s  ad ren al was en larged  above 
the mean o f  6 .0 4  m g ./100 g . to  1 0 .4  mg./lOO g . . The adrenal 
c o r te x  o f  t h is  mouse was h e a v ily  d e p le ted  and i t s  th yro id  gland  
showed no s ig n  o f in crea sed  a c t i v i t y  (Appendix B , P ig s  22 , 2 3 ). 
The th y ro id  w as, in  f a c t ,  l e s s  a c t iv e  than th a t o f  a ty p ic a l  
c o n tr o l  an im al. The s ig n if ic a n c e  o f th e response o f  th is  
mouse w i l l  be d isc u sse d  la t e r  (S e c t io n V I ) .
( i i )  S tr a in  A . -3%  c o n tr o ls . The 5-w eek -o ld  m ice o f  the  
A s t r a in  b om  in  th e  cold  room a l l  su rv ived  a f t e r  th ey  were 
p la ced  a lo n e  in  a ca g e . Such a r e s u l t  was to  b e expéoted  s in c e  
a l l  th e  5 -w eek -o ld  A s t r a in  mice reared a t  21^0 su rv ived  the  
tr a n s fe r  to  -3^C. F u r th er , the mice b o m  in  th e co ld  showed no 
f a l l  in  w eigh t and no d e p le t io n  o f  th e adrenal c o r te x . In  
s h o r t ,  th er e  were no e v id e n t  s ig n s  o f d i s t r e s s .
The m ice grew r a p id ly  during the experim ent. T h eir  mean 
i n i t i a l  w e ig h t, 15*4 g . in  th e m ales and 12 .5  g . in  the fem a les , 
was l e s s  than th a t  o f  th e ir  co u n terp a rts  from th e warm room, 
w ith /
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w ith  a mean i n i t i a l  w eig h t o f  19 .0  g . and 16 .8  g . r e s p e c t iv e ly .  
In  a d d it io n , th e ir  b o d ie s  con ta in ed  much l e s s  body f a t .  The 
r e s u l t s  o f th is  experim ent are recorded in  Appendix A, Table 9*
A l l  the organ w eig h ts  are exp ressed  in  terms o f  the f i n a l  
body w eig h t. The r e la t iv e  organ w eigh ts d id  not a l t e r  
s ig n i f i c a n t ly  during the experim ent. The thymus g lan d s o f  
b oth  se x e s  tended to  d ecrea se  in  w eight b ut the r e la t iv e  adrenal 
w eig h ts  on ly  in creased  in  th e fem ales and even then th e in c r e a se  
was not s t a t i s t i c a l l y  s ig n i f ic a n t  a t  P = 0 .5 .
The h i s t o lo g ic a l  appearance o f  th e adrenal g lan d s d id  n o t  
change during the experim ent (Appendix B , P ig s  24» 25) b u t the  
th y ro id s  showed an in crea sed  a c t i v i t y  in  9 out o f  12 m ice .
( i i i )  S tr a in  GPP. Of th e 5 -w eek -o ld  ® P m ice tr a n sfe rre d  
from 21^0 to  -3°C , 18 p er  cen t d ied  b e fo r e  the end o f 24 
h ours’ and 23 per ce n t b e fo re  the end o f  21 d ays’ exp osu re.
The GFF m ice showed th e u su a l f a l l  in  body w eigh t b ut by 7 days
most o f th e su rv iv o rs  had regained  th e  l o s t  w eight and by 21 
days th ey  were h ea v ier  than a t  the b eg in n in g  o f th e experim ent 
(Appendix A, Table 1 0 ) .
The organ w eigh ts were c a lc u la te d  in  the same way a s  th o se  
o f th e  3-w eek-old  A s tr a in  m ice, th a t is^up to  48 h ours’
exposure as mg./lOO g . o f th e i n i t i a l  body w eight and a t  7 and
21 days a s  mg./lOO g . o f the f i n a l  body w eig h t. As in  th e  
c a s e /
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case  o f  th e  A s t r a in  m ice , an a llow ance was made f o r  the  
g r e a te r  amount of body f a t  in  the 7 -  and 21-day c o n tr o l  anim als  
by su b tra c t in g  a percentage from the a c t u a l  body w e ig h ts  o f  
the c o n tr o ls  and u s in g  the ad ju sted  f i g u r e s  in  the c a lc u la t io n  
of the r e l a t i v e  organ w eigh ts  (T able 5 ) .
Table 5
Males Fem ales
7 day 21 day 7 day 21 day
No. o f  mice 
a t  21°C
5 5 5 5
Mean f i n a l  wt. 
in  g .  a t  21°C
2 2 .9 24 .6 2 0 .5 2 2 .1
No. o f  mice  
a t  -3°C
8 5 6 5
Mean wt. l o s s  
In  g . a t  -3  0
2 .0 4 ( 0 .6 ) 2 .2 2 ( 0 .8 ) 2 .0 9 (0 .6 ) 2 .0 0 ( 0 .7 )
A llow ance {%) 9 9 10 9
Standard d e v ia t io n  g iv en  in  b ra ck ets
Both the ad ju sted  and unadjusted f ig u r e s  f o r  th e  r e l a t i v e  
organ w eights are g iven  in  Appendix A , Table 10.
The response o f  th e  GPP mice aged 5 weeks to  sudden 
exp osu re/
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exposure to co ld  d i f f e r e d  from th a t  of the A s t r a in  mice o f  
the same age in  s e v e r a l  ways. In the f i r s t  p la c e ,  a s  a lread y  
m entioned, they su ffe r e d  q u ite  a h igh  c a s u a lty  r a t e .  The 
o th er  d i f fe r e n c e s  are r e f l e c t e d  in  the ra te  of change o f t h e i r  
r e l a t i v e  organ w e ig h ts .
The f a l l  in  w eigh t o f  the thymus glands was more rapid  
than in  the A s t r a in  m ice . In the males the thymus glands  
o f th e  A s t r a in  were n ot s i g n i f i c a n t l y  reduced u n t i l  the 7th  
d ay , a t  which tim e th e  mean thymus w eight was 37 per c e n t  l e s s  
than th a t  of the c o n tr o l  m ice. In the GPP s t r a i n ,  on the  
o th er  hand, the thymus g lands of the males were s i g n i f i c a n t l y  
reduced by 35 per cent a f t e r  on ly  48 hours’ exposure. In  
th e  fem ales the change in  thymus w eigh t was s im i la r  in  both  
s t r a i n s ,  th a t  i s ,  there was a s i g n i f i c a n t  red u ction  a f t e r  48 
hours’ exposure. However, whereas the thymus g lands o f  th e  
A s t r a in  mice began to  regen era te  a f t e r  48 hours, th o se  o f  
the GPP fem ales  d id  not do so  u n t i l  a f t e r  7 days. The mean 
thymus w eigh t of th e  l a t t e r  was th e r e fo r e  l e s s  than th a t  o f  
the c o n tr o ls  even a f t e r  21 d ays , a lthough  th e  d i f f e r e n c e  was 
n o t  s t a t i s t i c a l l y  s i g n i f i c a n t .
A d i f f e r e n c e  between the A and GPP s t r a in s  was a l s o  
apparent in  the change o f  r e l a t i v e  adrenal w eigh t. In b oth  
th e  12- and 5-week-old  A s t r a in  mice tr a n sfe rre d  to  -3^0 from 
21^0, the maximum hypertrophy o f  the adrenal glands occurred
a f t e r /
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a f t e r  21 days* exposure. In  the ® P mice the in c r e a se  in  
s i z e  was more rapid and in  the fem ales the maximum hypertrophy  
occurred a f t e r  o n ly  7 days* exposure. In  a d d it io n  to  th i s  
d i f f e r e n c e  in  change o f  w eight the ad ren a l g lands of the GPP 
m ice were h ea v ier  than th ose  o f  the A s t r a in  aged 5 weeks; 
th e  mean adrenal w eigh ts  a t  0 hours expressed  as  m g ./100 g .  
w ere, in  th e  GPP m ice , 8 .6  fo r  the m ales and 1 1 .5  fo r  the  
fem ales  and in  the A m ice , 6 .9  and 8 .9  r e s p e c t iv e ly .
The h i s t o l o g i c a l  appearance o f  th e  adrenal and th yro id  
glan d s was very  s im i la r  to th a t  of the A s t r a in  m ice. The 
ad ren a ls  e x h ib ited  a p a r t i a l  d e p le t io n  of l i p i d  in  th e  zona 
f a s c i c u l a t e  up to  48 hours* exposure b u t by 7 days had reached  
th e  r e co v e iy  s ta g e  (Appendix B, P ig s  2 6 , 2 7 ) .
( iv )  S tr a in  C57BL. G57BL mice were tra n sferred  from 21 °C 
to  -3°C to  t e s t  f o r  s u r v iv a l  in  th ese  c o n d it io n s ;  the su rv iv o rs  
were k i l l e d  a f t e r  21 days but no organs were removed. 15 
m ales and I 4 fem ales  were used and o f  thes% 7 males and 7 fem ales ,  
th a t  i s  48 per c e n t ,  d ied  b e fo r e  4 days* exposure. There 
were no fu r th e r  c a s u a l t i e s  and th e  su r v iv o r s  appeared t o  have 
adapted them selves co m p lete ly  by the end o f  21 days#
( c )  3-w eek-o ld  mice
( i )  S tr a in  A . Of the 3 -w eek-old  mice b om  in  th e  warm 
and tr a n sfe rre d  to  -3°C , 44 per c e n t  d ied  b e fo r e  7 days* 
exposure/
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exposure. Only 1 mouse, a fe m a le ,  had d ied  by 6 hours; most 
o f  the deaths occurred between 24 and 60 h ou rs . Only 1 male 
and 3 fem ales  out of the 6 males and 12 fem ales  which had been  
in tended  f o r  21 days’ exposure su rv ived  f o r  the f u l l  p er io d .
A f t e r  48 hours’ exposure th ese  mice f e l l  in to  two d i s t i n c t  
groups: one group continued  to  l o s e  w eight and seemed to  be
s lo w ly  dying; the o th er  group appeared to  be re co v er in g  and 
had rega in ed  the i n i t i a l  l o s s  o f  body w e ig h t .
The organ w eights were c a lc u la te d  in  the same manner as 
were th ose  of the 3-w eek-old  mice (Appendix A , Table 11; 
Appendix B , P ig s  28, 2 9 ) .  The body and organ w eigh ts  o f  the 
two, ap p aren tly  d i f f e r e n t ,  groups are ta b u la ted  s e p a r a te ly ,
(a )  b e in g  the "fa i lu r e "  group and (b ) the s u r v iv a l” group.
An a llow ance was made f o r  the g r e a te r  amount o f  body f a t  in  
th e  7 -  and 21-day c o n tr o l  animals in  the same way as d escr ib ed  





7 day 21 day 7 day 21 day
No. o f  mice  
a t  21° C
5 11 6 10
Mean f i n a l  w t. 
in  g .  a t  2]?C
15 .9 2 1 .5 1 3 .5 1 7 .8
No. o f  m ice  
a t  -3°0
12 9 11 7
Mean w t. l o s s  
in  g . a t  -3°C
1 .7 5 (0 .6 ) 1 . 35( 0 . 5) 1 . 60( 0 . 5 ) 1 . 65( 0 . 7 )
Allowance {%) 11 6
. .
12 9 .5
Standard d e v ia t io n s  given in  b ra c k e ts
A f t e r  7 days* exposure th e  d i f f e r e n c e  between the two 
groups was v e ry  obvious.
By the 7 th  day the body w e ig h ts  of th e  "fa i lu r e "  group 
fem ales  were s i g n i f i c a n t l y  low er than a t  the b eg in n in g  o f  the  
experim ent but th ose  of th e  males were very  v a r ia b le  and no 
s i g n i f i c a n t  d i f f e r e n c e  emerged. A l l  th e  m ice showed a 
s i g n i f i c a n t  f a l l  in  thymus w eight a f t e r  48 h ours’ exposure,  
and by 7 days th e  d i f f e r e n c e  between th e  two groups was so  
marked th a t  th e  a b so lu te  v a lu e s  of the r e l a t i v e  thymus w eigh ts  
d id /
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did n o t over lap . Taking the fem ales  a s  an example, a t  7 days  
"both groups showed a s i g n i f i c a n t  f a l l  in  thymus w eight by  
comparison w ith  the c o n t r o ls .  The mean thymus w eight of the  
c o n tr o l  mice was 2 9 6 .5  mg./lOO g . and th a t  of the su rv iva l"  
group (b) 199.9  mg./lOO g . , a red u ction  o f  33 per c e n t .  The 
mean thymus weight o f the "failure** group ( a ) ,  on th e  o th er  
hand, was reduced by n e a r ly  87 p er c e n t  to  3 9 .8  mg./lOO g . .
In b o th  sex e s  the adrenal w e ig h ts  of the "su rv iva l"  group 
were comparable w ith  th o se  o f  the c o n t r o ls ,  w h ile  the adrenal  
g lan ds of the " fa ilu re "  group were s i g n i f i c a n t l y  h e a v ie r .
The h is t o lo g y  o f  th e  adrenals  and th yro id s was markedly 
d i f f e r e n t  in  the two groups. A l l  th e  ad ren a ls  showed d e p le t io n  
o f  th e  zona f a s c i c u la t a  a t  f i r s t  but a t  7 days the d i f f e r e n c e  
between the two groups was obvious. The group (b ) mice were 
found to  be in  the t y p ic a l  "recovery** s ta g e ,  th a t i s  the l i p i d  
had returned  to  the adrenal c o r te x .  The th yro id  g lands o f  
t h i s  group were s t i l l  very  a c t iv e ,  showing columnar f o l l i c u l a r  
c e l l s  w ith  la r g e  round n u c le i  and a c o l lo id  th a t s ta in e d  green  
w ith  Masson’ s trichrome s t a in  (Appendix p .  P ig s  3 0 -3 5 ) .  The 
ad ren a ls  o f  the " fa ilu re "  group (a )  mice were found, a t  7 d ays,  
to  b e  h e a v i ly  d ep le te d . The th yro id  g lands o f  th ese  anim als  
were very  remarkable in  that they appeared to  be i n a c t i v e .
The f o l l i c u l a r  c e l l s  were f l a t t e n e d ,  the n u c le i  were ovo id  and 
the c o l l o i d  was hard and took up the red ra th er  than th e  green  
s t a in  w ith  Masson’ s trichrome s ta in  (Appendix B , P ig s  3 6 -3 8 ) .
( i i ) /
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( i l )  Changes in  organs of mice which d ied  during exposure.
The mice o f  the " fa ilu re"  group have been d escr ib ed  above 
as * appearing to  be s lo w ly  d ying’ , not merely because they  
looked  i l l  and were lo s in g  w eight but because  the h i s t o lo g y  o f  
t h e i r  th y ro id s  and ad ren a ls  showed a c lo s e  resem blance to  th a t  
o f  anim als which had, in  f a c t ,  d ied . This statem ent i s  based  
on the study of the organs from three  3 -w eek-old  mice which 
d ied  during  the experiment; the organs of the o th er  mice th a t  
d ied  were n o t examined owing to  the speed a t  which the b o d ie s  
were fr o z e n  and so made u n su ita b le  f o r  h i s t o l o g i c a l  stu d y .  
A ft e r  b e in g  thawed out the th y ro id s  e s p e c ia l l y  were found to  be  
in  a poor c o n d it io n .
The a d ren a ls  of the mice th a t d ied  a f t e r  2 to 7 d ays’ 
exposure were very  se v e r e ly  d e p le te d  and were in  the c o n d it io n  
i l l u s t r a t e d  in  S e c t io n  (d) o f  Appendix B , P ig .  9 . The th y ro id s  
were ap p aren tly  very i n a c t iv e ,  th e  f o l l i c u l a r  c e l l s  b e in g  
alm ost e n t i r e l y  of the pavement type and the n u c le i  very  f l a t -  
: tened  (Appendix B , P ig s  39-41)#
( i i i )  S tr a in  A, -3^C c o n t r o l s . The 3-w eek-old  mice b o m
in  th e  co ld  showed a m o r ta l i ty  o f only 20 per cen t  compared 
w ith  the 44 per cent among th o se  tra n sferred  from 21°C. The 
changes in  body weight during the experim ent were va r ia b le :  
most o f  the mice grew q u ite  r a p id ly  but growth was checked in  
a few . The r e l a t i v e  organ w e ig h ts  were a l l  c a lc u la te d  from 
th e  f i n a l  body w e ig h ts  (Appendix A, Table 1 2 ) .
The/
50.
The organ w eigh ts  were v a r ia b le  b u t ,  as w ith  the 5-w eek-old  
m ice born a t  -3^C, no s i g n i f i c a n t  d i f f e r e n c e  was found between  
the r e l a t i v e  organ w eigh ts  of the mice k i l l e d  a t  0 hours and 
th o se  of the mice tr ea ted  in  the same way as those from 21^0 
f o r  the s p e c i f i e d  p e r io d s .  The r e l a t i v e  thymus w eig h ts  d id  
tend to  d ecrease  b u t the r e la t iv e  s i z e  o f  the adrenal glands  
was a lm ost unchanged a f t e r  7 days’ exposure. The i n i t i a l  
thymus w eigh ts  were much lower than th o se  o f  the mice reared a t  
2 l^ b . The mean i n i t i a l  thymus w e ig h ts ,  expressed as  
m g ./100 g . o f  the mice bred a t  -3 ^ 0 , were 192.8  in  the males 
and 196 .2  in  the fem a les;  the corresponding f ig u r e s  f o r  mice 
reared a t  2l°C were 269.0  and 281 .9  f o r  males and fem ales  
r e s p e c t i v e l y .  In th e  males the a d ren a ls  were h e a v ie r  than  
th o se  o f  th e  3 -w eek -o ld  mice from the warm room.
A l l  the mice k i l l e d  a f t e r  24 or 48 hours’ exposure showed 
d e p le t io n  of the adrenal co r tex  but o n ly  one mouse, a m ale, was 
n o t  in  th e  t y p ic a l  "recovery" s ta g e  by 7 days (Appendix B , P ig s  
4 6 , 4 7 ) .  The thymus o f  t h i s  male was reduced to 36 .0  m g ./100 g .  
(compared w ith  the mean f ig u r e  o f  I I 6 .6  mg./lOO g . )  and i t s  
ad ren a l was much en larged  to  17*3 m g ./100 g . ( th e  mean f ig u r e  
b e in g  1 1 .2  m g ./100 g . ) .  The zona f a s c i c u l a t a  was h e a v i ly  
d e p le te d .  I t s  th yro id  g lands were in a c t iv e  w h ile  th o se  o f  the  
r e s t  o f  the mice were extrem ely  a c t i v e ,  e s p e c ia l ly  a f t e r  7 days 
when th e  anim als were growing r a p id ly .
(a ) /
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(d) Assessment of thy ro id  a c t i v i t y  by means of au to rad lo g rap h s ,
An a d d i t io n a l  check was made on the a c t i v i t y  of the  
th y ro id s  of 3 -week-old mice by means of r a d io -a c t iv e  iod in e .
10 to  30 m icrocuries  of were in je c t e d  in to  3-w eek-old
mice which had been exposed f o r  7 d ays , in to  5-w eek-old  mice  
which had been exposed f o r  48 hours and in to  c o n tr o l  mice o f  
both  a ges  which had been k ep t a t  21^C. The anim als were 
k i l l e d  6 hours a f t e r  the in j e c t io n  and the th y r o id ,  thymus and 
adrenal g lands removed. The th y ro id s  were f ix e d  in  10 per 
c e n t  form aldehyde, embedded in  p a r a f f in  and autoradiographs  
were made from a s e r ie s  of s e c t io n s  from each block .*
Adjacent s e c t io n s  were l a b e l l e d  and s ta in e d  by ro u t in e  p roce -  
: du res .
The body w e ig h ts  and some o f  the organ w eigh ts  o f  the  
3 -w eek -o ld  mice are g iven  w ith  the r e s u l t s  from the a u to r a d io -  
; graphs in  Table 7 .
Table 7 /
I  am indebted  to  Dr.  S. Kennedy (Pathology Department, Royal 
In f i rm a ry ,  Glasgow) f o r  the  i n j e c t i o n  of the mice and the 
p re p a ra t io n  of the au to rad iog raphs .
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Table 7
3-w eek-o ld  mice exposed f o r  7 days
Sex I n i t i a l  wt. g .
F in a l  
wt. g.
A drenal wt. 




co n ce n tra t io n
9 1 0 .5 9 .5 h igh
9
*
1 0 .5 8.5*
«
low
9 13 .0 13 .0 h igh
9 1 1 .5 13 .0 1 2 .3 104 .6 h igh
« 12 .0 1 5 .5 1 2 .3 144 .5 high
$ 11 .0 1 2 .5 h igh
S 1 2 .0 13 .5 9 .6 122 .2 h igh












s 1 2 .0 1 4 .5 8 .3 127.6 h igh
3-■week-old mice kept a t  21°C f o r  7 days
9 1 0 .0 15 .0 h igh
9 1 3 .0 15 .0 h igh
5 1 0 .5 1 5 .5 h igh
S 1 1 .0 16 .5 8 .5 133 .3 h igh
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The co n ce n tra t io n  o f r a d io -a c t iv e  io d in e  in  the 3 -w eek-old  
m ice , o therw ise  c la s s e d  as members o f the " fa ilu r e "  group and 
in d ic a te d  by an a s t e r i s k  in  Table 7» was s t r i k i n g ly  d i f f e r e n t  
from th a t  in  mice f a l l i n g  in to  the "surv iva l"  group. F or  
t h i s  reason i t  d id  not need to  be c a lc u la te d  a c c u r a te ly .
The mice w hich, from t h e ir  body w eights and the appearance  
o f  the adrenal c o r te x ,  were e v id e n t ly  in  the recovery s ta g e  
showed a h igh  uptake of io d in e  in  the th yro id s  (Appendix B , P ig .  
4 2 ) .  There were, u n fo r tu n a te ly ,  very few mice in je c t e d  which  
cou ld  be included  in  the " fa ilu r e "  group because very few  
su rv ived  f o r  the n ecessa ry  7 days. There were, however, three  
t y p ic a l  c a s e s ,  2 males and 1 fe m a le ,  and the r a d io -a c t iv e  
io d in e  co n cen tra tio n  in  the th y r o id s  o f  th ese  mice was extrem ely  
low (Appendix B , P i g .  4 3 ) .
The thyroid  g lands of the 5 -w eek-old  mice showed, as  was 
to  be expected a f t e r  48 hours’ exposure, a un iform ly  h igh  
uptake of the io d in e .  Those o f  the c o n tr o ls  showed a mixture  
o f h ig h  and low c o n ce n tra t io n s  of i o d in e ,  corresponding e x a c t ly  
w ith  th e  a c t iv e  and r e s t in g  f o l l i c l e s  seen  in  the ordinary  
p rep ara tio n s  (Appendix B , P ig s  44» 4 5 ) .
These r e s u l t s  confirm th a t  the th yro id  glands w ith  f la t t e n e d  
f o l l i c u l a r  e p i t h e l ia  are  very in a c t iv e .
( e ) /
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(e )  A summary o f  the changes observed in  young mice a f t e r  
sudden exposure to c o ld .
There were no deaths among the 1 2 - or 5 -w eek -o ld  A s tr a in  
mice tr a n s fe r r e d  from 21^0 to  -3°C but 23 per cen t o f the GPP 
m ice and 48 per ce n t  of the C57BL mice dijsd b e fo r e  the end o f  
21 days* exposure. The 5-w eek-old  A s t r a in  mice born in  the  
co ld  a l l  su rv ived  a f t e r  they  were p laced  alone in  a cage.
Only s t r a in  A mice were s tu d ied  a t  the age of 3 weeks and there  
was a h igh  m o r ta l i ty  among th o se  tr a n s fe r r e d  from the v/arm to  
the co ld  room, 44 per cen t dying b e fo r e  the end o f  7 days* 
exp osu re. The 3 -w eek-old  mice born in  the co ld  showed a 
m o r ta l i ty  o f on ly  20 per c e n t ,  l e s s  than h a l f  th at o f  th ose  
tr a n s fe r r e d  from 21^0.
A l l  the mice tr a n sfe rre d  to the co ld  from 21°C su ffe r e d  
an i n i t i a l  l o s s  o f  w e ig h t ,  probably due to  l o s s  of body f a t .
The w eigh ts  o f  the 12-w eek-old  mice tended to  remain a t  t h i s  
low l e v e l  but the 5-w eek-old  A s t r a in  mice and the su rv iv in g  
GPP mice s ta r te d  to  grow again  a f t e r  48 hours* exposure and by 
21 days they were h e a v ie r  than a t  the b eg in n in g  o f the e x p e r i-  
: ment. The 3 -w eek-old  mice reared in  the warm environment 
f e l l  in to  two d i s t i n c t  groups a f t e r  48 hours* exposure. One 
group (group b) appeared to  reco v er  and had regained the 
i n i t i a l  l o s s  of body weight by 7 days; th e  o ther  group (group  
a) continued  to l o s e  w eigh t and seemed to  b e  s low ly  d y in g .  
A m o n^
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Among th e  mice reared a t  -3^ 0 , th ose  aged 5 weeks showed no 
l o s s  o f  body weight a t  a l l ,  they con tin ued  to  grow a t  t h e i r  
normal r a te  throughout the experim ental p er iod ; most o f  th o se  
aged 3 weeks grew r a p id ly ,  a lthough  growth was checked in  a 
f  evf.
In a l l  the mice tr a n sfe rre d  to -3^C from the warm room 
the adrenal glands in creased  in  w eight r e l a t i v e  to  body weight  
and the thymus glands decreased  during the experim ent. The 
sudden and premature atrophy o f  the thymus g lands in  th ese  
young mice i s  undoubtedly an index of an in creased  output o f  
hormones from the adrenal c o r t e x ,  s in c e  i t  i s  w e l l  known th a t  
in j e c t io n s  of adrenal c o r t i c a l  e x t r a c t s  in t o  a normal mouse 
r e s u l t s  in  an in v o lu t io n  o f  the thymus. In the p resen t  
experim ents i t  was a freq u en t occurrence f o r  the thymus to show 
a marked b u t t r a n s ie n t  in c r e a se  in  w eigh t im m ediately a f t e r  
exp osu re , although no exp lan ation  can b e g iven  f o r  t h i s  
phenomenon. The change in  w eight o f  th e  adrenal and thymus 
glands in  the GPP mice occurred ra th er  more q u ick ly  a f t e r  
exposure than in  the A s t r a i n .  The hypertrophy o f  the adrenal  
glands and in v o lu t io n  of the thymus was very  pronounced in  the  
3-w eek-old  "fa i lu r e "  group (a )  m ice . The r e la t iv e  organ 
w eigh ts  o f  the mice reared in  the co ld  did n ot a l t e r  s i g n i f i -  
: c a n t ly  during the experim ent.
The h is t o lo g y  of the adrenal and thyro id  glands was 
a f f e c t e d /
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a f f e c t e d  by the sudden exposure of the mice to c o ld .  In a l l  
th o se  tr a n s fe r r e d  from the warm room th ere  was a d e p le t io n  of  
l i p i d  m a te r ia l ,  presumably c h o l e s t e r o l ,  from the zona 
f a s c i c u l a t a  o f  th e  adrenal c o r tex  im m ediately a f t e r  exposure.
In a l l  excep t the 3 -w eek-old  " fa ilu re "  group mice t h i s  l i p i d  
began to re-accum ulate  in  the c o r te x  a f t e r  48 hours’ exposure  
and by 7 days the ad ren a ls  were in  th e  s t a t e  d escr ib ed  by S e ly e  
as the "recovery" s ta g e .  The ad ren a ls  o f  the " fa ilu re"  mice 
were found to be very s e v e r e ly  d ep le ted  a f t e r  7 days’ exposure.  
The 5-w eek-old  mice born a t  -3°C showed no d e p le t io n  of the  
adrenal c o r te x  a t  any time during the experim ent. The 
3 -w eek-o ld  -3^0 c o n tr o l  mice showed the ty p ic a l  "alarm" r e a c t io n  
(d e p le t io n  o f  l i p i d  from the zona f a s c i c u la t a )  immediately a f t e r  
exposure b u t  by 7 days a l l  but one were in  the "recovery" s t a g e .
A'The thyroid  g lan ds became more a c t iv e  im m ediately a f t e r  
exposure: the f o l l i c u l a r  ep ith e liu m  was h e ig h ten ed , the n u c lea r
volume in crea se d  and the c o l l o i d  became l e s s  b a s ic .  In a l l  
the mice ex cep t the 3 -w eek-old  " fa ilu re "  group th i s  in crea sed  
a c t i v i t y  p e r s i s t e d  throughout the experim ental p er iod . In the 
" fa ilu re "  mice the a c t i v i t y  p r o g r e s s iv e ly  d im inished  a f t e r  12 
to  24 hours’ exposure and by 7 days the th yro id  glands appeared  
to  be very in a c t iv e ;  the f o l l i c u l a r  ep ith e liu m  was f l a t t e n e d ,  
th e  n u c le i  ovoid and the c o l l o i d  very hard and b a s ic .  The 
h i s t o l o g i c a l  appearance of a c t i v i t y  or i n a c t i v i t y  in  the thyro id  
was confirm ed by experim ents in v o lv in g  the use of r a d io -a c t iv e  
i  od ine.
The/
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The changes in the th y ro id ,  ad rena l  and thymus glands may 
he u s e f u l l y  f u r t h e r  summarized in  t a b u la r  form. A normal 
th y ro id  g land ,  th a t  i s  the gland of a c o n t ro l  mouse kep t  a t  
21^0, c o n s i s t s  of a mixture of a c t iv e  and in a c t iv e  f o l l i c l e s .  
In  the Table below, th e r e f o r e ,  both  "a c t iv e "  and "hyperac tive"  
imply degrees  of a c t i v i t y  above the normal. The term 
"recovery" app l ied  to the  ad rena l  g lands im plies  some hyper-  
: t rophy to g e th e r  w ith  a r e tu r n  of l i p i d  m a te r ia l  to  the zona 
f a s c i c u l a t a .
Table 8
Changes in  endocrine glands a f t e r  7 days’ exposure
S t r a i n Age in  weeks Thyroid Adrenal Thymus
A 12 hy p erac t iv e recovery reduced
A 5 hyperac t iv e recovery redue ed
GPP 5 hyperac t ive recovery reduced
A 5
( - 3  C)
a c t iv e unchanged
sev e re ly
unchanged
A 3
( f a i l u r e )





( su rv iv a l )
hype rac t iv e recovery reduced
A
( - 3  C)
--------------------------------------- ■
h yperac t ive recovery unchanged
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( f )  E f f e c t s  of in n e c t in g  ACTH or c o r t is o n e  in to  mice k ep t a t  2]°C
Many workers (a s  d iscu ssed  b elow , S e c t io n  V) have a s se r te d  
th a t  the a d m in is tr a t io n  o f  c o r t is o n e  d ep resses  a c t i v i t y  in  the  
th y r o id .  In  a l l  the mice in  which in a c t iv e  th yro id  glands  
were found, the ad ren a l and thymus glands showed in d ic a t io n s  
o f  c o n s id e r a b le  c o r t is o n e  s e c r e t io n ,  namely in crea se d  adrenal  
s i z e  and red u ction  o f  the thymus. The p o s s i b i l i t y  th e r e fo r e  
a r i s e s  th a t  the lowered a c t i v i t y  in  the th yro id  g lands was 
p r im a r ily  due to  the h igh  co n cen tra tio n  of adrenal c o r t i c a l  
hormones in  the b lo o d . To t e s t  t h i s  p o s s i b i l i t y  3 -w eek-old  
m ice reared  a t  2l°C were in je c t e d  su bcutaneously  w ith  v a r io u s  
d oses  o f  e i t h e r  ACTH or c o r t is o n e .  The ACTH (ACTHAR GEL.
20 m g./m l. Amour L a b ora tor ies)  was ad m in istered  over  a period  
o f  7 d a y s , one i n j e c t io n  each day, and the c o r t is o n e  ( c o r t i s o n e  
a c e t a t e  25 mg . /m l .  R o u s s e l l )  was g iv en  as  d a i ly  in j e c t io n s  f o r  
4 d a y s . The s o lu t io n s  were d i lu t e d  w ith  d i s t i l l e d  w ater and 
a l l  th e  in j e c t io n s  were o f  0 .1  m l . . The d o ses  were decid ed  
p a r t ly  from p rev iou s  p erson a l exp er ien ce  w ith  a lb in o  r a t s  and 
p a r t ly  from data in  the l i t e r a t u r e .
Some o f the mice in je c te d  w ith  ACTH were k i l l e d  24 hours 
a f t e r  the l a s t  i n j e c t i o n .  The body and organ w e ig h ts  of th e se  
mice a re  g iven  in  Appendix A, Table 13.
The growth o f the mice was u n a ffec ted  by the i n j e c t io n s  o f  
0 .2 5  to  1 .5  mg. ACTH per day. The thymus w eigh ts  of the males 
w ere/
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were reduced to  l e v e l s  s im i la r  to th ose  o f  the " fa ilu re "  group 
of mice exposed to c o ld ,  th a t i s  to  about 75 m g ./100 g . : th e
thymus w eigh ts  of the fe m a le s ,  however, were only reduced to  
about So mg ./loo  g. compared w ith  a mean thymus w eight in  th e  
" fa ilu r e "  group of 3 9 .8  m g ./100 g. (Appendix B , P ig s  4 8 , 4 9 ) .
In  bo th  sexes the  ad rena l  hypertrophy was l e s s  than th a t  found 
in  the  " f a i l u r e "  groups. The thyro id  g lands of these  mice 
were in d i s t in g u i s h a b le  from those of the c o n t ro l  mice and, 
owing to  the length  of time between the l a s t  i n j e c t i o n  and 
d e a th ,  very l i t t l e  d e p le t io n  of the  ad rena l  co r tex  was observed.
In  o rd e r  to  exclude the  p o s s i b i l i t y  th a t  the  thyro id  
g la n d s ,  as w ell  as the a d r e n a l s ,  had rev e r te d  to a normal s t a t e  
b e fo re  the  mice were k i l l e d ,  a f u r t h e r  s e r i e s  of i n j e c t i o n s  was 
c a r r i e d  o u t .  Larger doses of ACTH were given and the mice were 
k i l l e d  6 hours a f t e r  the l a s t  i n j e c t i o n .





T o ta l  dose 
In, 7 days 
mg. ACTH
I n i t i a l  
wt. g.




A drenal  wt. 
mg./lOO g.
S - 1 2 .5 1 6 .5 283 .0 7 .3
S 7 13.0 1 8 .0 7 3 .3 7 .8
$ 14 13.0 1 6 .5 3 4 .5 9 .7
S 14 9 .5 1 3 .5 2 8 .9 10 .4
S 21 1 0 .5 14 .5 2 1 .4 9 .7
9 7 1 1 .0 1 3 .5 67 .4 1 0 .4
9 7 9 .5 1 3 .0 - 10 .0
9 14 1 1 .5 1 4 .5 4 1 .4 1 3 .8
9 21 13.0 1 4 .5 3 5 .2 16 .6
9 21 1 0 .0 1 3 .0 3 2 .3 11 .5
9 - 1 0 .0 1 2 .5 218 .0 8 .0
The growth and organ w eigh ts  o f the mice in j e c t e d  w ith  
7 mg. ACTH were w e l l  w ith in  the l i m i t s  o f  standard error  
c a lc u la te d  from the p rev iou s experiment (Appendix A , Table 13)* 
L it te r -m a te s  of th ese  mice which r e c e iv e d  14 or 21 mg. ACTH 
grew a t  the normal r a t e ,  but t h e ir  thymus w eigh ts  were reduced  
to  l e v e l s  comparable w ith , or below , th ose  o f  the mice o f  th e  
" fa ilu re "  group. Their ad ren a ls  were en larged  to  an e x te n t  




The adrenal c o r te x  in  each o f  the in j e c t e d  mice was found  
to he h e a v i ly  d e p le te d ,  e s p e c i a l l y  in  th o se  which re ce iv ed  
14 or 21 mg. ACTH. The th yro id  g la n d s ,  on the o th er  hand, 
were h i s t o l o g i c a l l y  in d is t in g u is h a b le  from one another and from 
those of the c o n tr o ls .
The mice in je c t e d  w ith  c o r t is o n e  were k i l l e d  6 hours a f t e r  
the l a s t  in j e c t io n .  The growth and organ w eights o f  th e se  
mice are  g iven  below in  Table 10.
Table 10
Sex No. o f  m ice
T ota l dose  
in  4 days 




thymus w t. 
mg . / l o o  g .
Mean 
ad ren a l w t.  
mg. / loo  g .
a 3 - + 2 .2 18 1 .5 5 .8
a 1 2 .5 +1 .5 4 2 .0 6 .0
a 3 5 .0 +1 .5 1 8 .7 4 .6
a 3 1 0 .0 + 0 .2 23.6 3 .9
9 4 - + 1 .9 258 .5 8 .7
9 3 2 .5 0 .0 28 .3 7 .2
9 5 5 .0 + 0 .7 23 .4 6 .5
1 10 .0 —1.0 3 0 .4 4 .4
The growth of th ese  mice was retarded  by the c o r t i s o n e  and 
both  the thymus and adrenal w eigh ts  were very  much reduced with  
th e /
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th e  la r g e r  d o ses . The adrenal atrophy was found on in s p e c t io n  
to  have occurred m ainly in  the zona f a s c i c u l a t a .  T his  zone 
s ta in e d  d en se ly  w ith  the Sudan s t a i n s .
H i s t o l o g i c a l l y  the th y ro id s  were q u ite  normal and i t  was 
im p o ss ib le  to  d i s t in g u is h  between those  of the in j e c t e d  mice 
and th ose  o f  the c o n tr o ls  by t h e i r  appearance (Appendix B,
P ig s  50- 52 ) .
The e f f e c t s  o f ACTH in  7 days or of c o r t is o n e  in  14 days 
were th er e fo re  fa r  l e s s  than those found in  some o f  th e  mice 
exposed to  co ld  fo r  o n ly  48 hours.
(g ) E f f e c t s  of in j e c t in g  ACTH or  th yrox in e  b e fo re  and during  
exp osu re.
There are se v e r a l  r e fere n c es  in  the l i t e r a t u r e  (d is c u s s e d  
below in  S e c t io n  V) to the e f f e c t s  of treatm ent w ith  ad ren al  
c o r t i c a l  and thyroid  hormones on the s u r v iv a l  o f  mammals a t  low 
tem peratures. A s e r i e s  o f experim ents was th e r e fo r e  d ev ised  
in  order to  determ ine whether th e se  hormones produced any  
b e n e f i c i a l  e f f e c t s  on the young mice used in  the p rese n t  experi- 
: n en ts .
3 -w eek-old  A s t r a in  mice were tr a n s fe r r e d  from 21°C to  the  
cold room in  the u su a l way but in  a d d it io n  some o f them were 
given d a i ly  in j e c t io n s  o f  e i t h e r  ACTH or th yrox in e . The 
in j e c t io n s  were g iven  as 0 .5  mg. ACTH in  0 .1  ml. per day and 
0 .0 7  m g./
op
0 .0 7  mg. thyroxine  ( l - t h y r o x in e  sodium s a l t ,  B r i t i s h  Drug Houses 
L td .)  in  0 .2  ml. per day. As b e fo r e ,  the s o lu t io n s  were made 
w ith  d i s t i l l e d  water. A l l  the mice had t h e i r  f i r s t  in j e c t io n  
6 hours b e fo r e  tr a n s fe r  to  -3^C.
The growth or time of death  of mice r e c e iv in g  ACTH and o f  
t h e i r  l i t t e r - m a t e  c o n t r o l s ,  a l l  exposed to  co ld  f o r  7 d a y s , i s  
g iv en  below  in  Table 11 .
, Table 11
0 .5  mg. ACTH/day C o n tro ls  (n o t  in j e c t e d )
Sex I n i t i a l  w t. g .
F in a l  
wt. g . Died Sex
In i  t i a l  
wt. g .
F in a l  
wt. g . D ied
S 13 2nd day 3 9 2nd day
S 8 1 s t  day 3 11 1 s t  day
S 15.5 15 - 3 15.5 1 7 .5 -
3 11 13.5 - 3 15.5 17.5 -
3 13.5 13.5 - 3 12 1 0 .5 —
9 9 .5 1 s t  day 9 12 2nd day
9 8 .5 2nd day 9 9 2nd day
9 9 .5 2nd day 9 9 4th  day
9 9 4th  day 9 11 1 1 .5 -
9 11 4th  day 9 9 9 .5 —
9 1 1 .5 1 1 .5 - 9 11 1 1 .5 -
9 1 0 .5 12.5 - 9 12.5 13 —






Of the 13 in je c te d  mice 7 d ie d ,  and of the I 4 c o n tr o l  mice 5 
d ied , b e fo r e  the end o f 7 days’ exposure*
Other 3 -w eek-old  mice v/ere each g iv en  a s in g le  la r g e  dose  
o f  1 .5  mg. ACTH 6 hours b e fo r e  exposure and t h e i r  s u r v iv a l  time 
a t  -3°C was noted . The r e s u l t s  of t h i s  experiment are given  
in  Table 12.
Table 12
Pre-dosage w ith  1 .5  mg. ACTH
Sex ■ I n i t i a l  hody wt. g.
P i n a l  body 
wt. g. Died
S 12 2nd day
S 1 1 .5 3rd day
S 1 2 .5 3rd day
3 10 2nd day
3 1 1 .5 3rd day
3 1 2 .5 12 -
3 12 .5 11 -
9 7 1 s t  day
9 7 .5 1 s t  day
9 12 14 -
9 11 12 -
9 12*5 13 -
I n j e c t i o n s /
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I n j e c t io n s  of ACTH e i t h e r  befo re  or  during  exposure 
e v id e n t ly  o ffe red  no p r o te c t io n  a g a in s t  cold in  these  young mice
A few l i t t e r - m a t e s  of the mice rece iv in g  thyroxine were 
kep t  a t  21*^ 0 and a l so  rece ived  0.07 mg. thyroxine per  day.
T able 13 g iv e s  the growth of th e se  mice to g e th e r  w ith  data  fo r  
the growth and death o f th e  in je c te d  and n o n - in je c te d  mice  
exposed to  c o ld .
Table 13
0 .0 7  mg. th yrox in e/d ay C o n tro ls  (n o t  I n je c te d )
Sex I n i t i a l . w t. g .
P in a l  
wt. g . D ied Sex
I n i t i a l  
w t. g .
F in a l  
wt. g . D ied
S 1 1 .5 2nd day '  S 9 .5 2nd day
a 10 2nd day S 12 .5 13 .5 -
S 1 0 .5 1 s t  day
S 1 0 .5 1 s t  day
s 9 11 -
Ç 11 2nd day ? 11 2nd day
Ç 12 4 th  day 9 10 .5 5th  day
9 9 5th  day 9 10 5th  day
9 1 0 .5 1 s t  day 9 9 12 .5 —
9 11 2nd day 9 11 12 -
9 9 11 - 9 1 0 .5 11 .5 -
9 9 L5 13 -
9 1 0 .5 13 —
(C .0 7  mg. th yrox ln e/d ay  21*C)
9 11 15 —
9 9 15 -
- 9 9 .5 13 .5 -
9 8 .5 12 —
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Of the 13 in j e c t e d  mice 9 d ie d ,  and o f  the 8 c o n tr o ls  
4 died  b e fo r e  the end of 7 d ays’ exposure. The h ig h e r  p er-  
; cen tage  o f  d eaths in  the in je c t e d  group i s  n o t s i g n i f i c a n t .  
The growth o f  the mice kept a t  21^0 was n ot retarded  by the  
th y ro x in e , in d ic a t in g  th a t  the dose g iven  was not t o x i c .
These r e s u l t s  g iv e  no ev idence th a t  treatm ent w ith  ACTH 
or th yrox in e  co n fers  an in crea sed  r e s is t a n c e  to  co ld  on 
3 -w eek-old  A s t r a in  m ice.
67.
V. DISCUSSION
In the main, the sudden exposure to  co ld  o f young mice  
caused the expected  r e s u l t s :  ad ren al d e p le t io n  and hypertrophy,
red u ction  o f th e  thymus, in crea sed  th yro id  a c t i v i t y  and l o s s  
o f  body f a t .  The d i v i s i o n  of the 3 -w eek-old  mice in to  two 
d i s t i n c t  groups v/as n o t  expected  and th e  in te r p r e ta t io n  of t h i s  
r e s u l t  p r e se n ts  some d i f f i c u l t y .  Any attem pt to in te r p r e t  the  
r e a c t io n s  of the mice depends, in  p a r t ,  upon the c o r r e c t  a s s e s s -  
: ment o f adrenal and thyroid  a c t i v i t y  from the data a v a i la b le  
in  the p rese n t  experim ents. The f i r s t  part o f  t h i s  d is c u s s io n  
w i l l  th e r e fo r e  be concerned w ith  t h i s  p o in t .
(a) Assessment of c r i t e r i a  used f o r  es t im a tion  of endocrine 
a c t i v i t y .
( i )  E stim ation  of adrenal a c t i v i t y . 
a# Thymus w e ig h t . In both  th e  c o n tr o l  mice and those th a t  had 
been exposed to  c o ld ,  the thymus w e igh ts  v/ere ex c eed in g ly  
v a r ia b le .  Rankin (1954) a lso  found th a t the normal range o f  
v a r ia t io n  in  thymus w eigh t of a d o le sc e n t  mice was q u ite  w ide.
She showed th a t  during t h i s  period  th ere  were freq u en t s l i g h t  
in v o lu t io n s  and reg en era tio n s  o f th e  thymus and th a t t h i s  
continued in to  e a r ly  m atu r ity . (T h is  may exp la in  the c a p a c ity  
of the thymus glands of the 3-w eek-old  fem ale mice to  
regen erate  a lthough i t  does not su g g e s t  the reason f o r  i t . )  
Rankin/
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Rankin fu r th er  con sidered  th at c a u tio n  was a d v is a b le  in  
a s s e s s in g  the r e s u l t s  o f  d i e t e t i c  and hormonal experim ents  
in v o lv in g  thymic in v o lu t io n .  I n g le  and Li (1 9 5 2 ) ,  however, 
con sid ered  th at the in v o lu t io n  o f  th e  thymus i s  a more accurate  
index o f  ACTH s e c r e t io n ,  and th e r e fo r e  o f  adrenal a c t i v i t y ,  
than i s  adrenal hypertrophy or a sc o r b ic  ac id  d e p le t io n .  In  
the p resen t experim ents d escr ib ed  in  S e c t io n  IV in v o lv in g  the  
i n j e c t io n  of ACTH in to  3 -w eek-old  mice k ep t  a t  21^b, on ly  the  
lo w e s t  dose l e v e l  f a i l e d  to  produce a s t a t i s t i c a l l y  s i g n i f i c a n t  
d ecrease  in  thymus w eigh t. In a d d it io n ,  the standard  
d e v ia t io n s  o f the mean thymus w eight o f each group o f in j e c t e d  
mice was sm all.  I t  was o n ly  in  the mice r e c e iv in g  the la r g e s t  
dose o f  ACTH th a t the adrenal w eight in crea sed  much above th a t  
o f  the c o n tr o ls  and the d i f f e r e n c e  was o n ly  s i g n i f i c a n t  in  th e  
m ales . These r e s u l t s  support the v iew  th a t  red u ction  of 
thymus w eight i s  q u ite  a s e n s i t i v e  index  o f  adrenal c o r t i c a l  
a c t i v i t y .
b .  A scorb ic  a c id . A scorb ic  ac id  has not been s tu d ie d  in  th e  
presen t experim ents but s in c e  much work has been pub lished  on 
i t s  e f f e c t  on adrenal a c t i v i t y  and on a sc o r b ic  acid  co n ten t as  
an index o f  the se c r e to r y  s t a t e  of the c o r te x ,  the su b je c t  w i l l  
be b r i e f l y  d isc u sse d  h ere . There i s  some ev id en ce th a t  the  
adrenal re sp on ses  to  co ld  can be m od ified  to  some ex te n t  by 
means o f a sc o r b ic  a c id .  Dugal and T herien  (1 9 4 9 ) ,  u s in g  w h ite  
r a ts  and g u in e a -p ig s , showed th a t  ad ren a l hypertrophy a f t e r  
c o ld /
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c o ld  exposure could be prevented  by the a d m in is tr a t io n  o f  
a sco r b ic  a c id .  In g le  (1944) showed th a t  in j e c t io n s  o f  adrenal 
e x t r a c t s  or 11-oxy s t e r o id s  in crea se d  th e  r e s is t a n c e  of r a ts  
to  th e  " s tr e s s"  of the muscle-work t e s t  and Booker e t  a l .
( 1951# 1955) found th a t  in j e c t io n s  of a sc o r b ic  a c id  would a l s o  
in c r e a se  th e  su r v iv a l  time o f mice exposed to  c o ld .  In  
a d d i t io n ,  th e  l a t t e r  authors showed th a t  the combined treatm ent  
o f  ad ren a lectom ised  mice w ith  a sco rb ic  a c id  and c o r t iso n e  
a ffo rd ed  g r e a te r  p r o te c t io n  than the s t e r o id  g iven  a lo n e . The 
fu n c t io n  o f  a sco rb ic  a c id  in  th ese  resp on ses  i s ,  in  the op in ion  
o f  Dugal ( 1954) t to  p o te n t ia t e  the a c t io n  o f  ACTH on the  
ad ren a l c o r te x .
Most o f  the ev id en ce , th e n , in d ic a t e s  th a t  the presence  
o f  a sc o r b ic  a c id  lea d s  to an in crea sed  e f f i c i e n c y  of adrenal  
c o r t i c a l  fu n c t io n .  Knob i l  and F r e g ly  ( 1955) * hov/ever, found  
th a t  a s c o r b ic  ac id  f a i l e d  to in f lu e n c e  e i t h e r  the adrenal  
w eight changes or the a l t e r a t i o n  in  adrenal c h o le s t e r o l  concen-  
: t r a t io n  in  r a t s  exposed to  co ld  f o r  24 h ours. No exp lan ation  
can be found f o r  t h i s  d iscrep an cy  and i t  seems th a t the a c t io n  
o f  a sco r b ic  a c id  may be v a r ia b le .
I t  a p p ears , th e r e fo r e ,  th a t  e s t im a t io n  o f  the a sco r b ic  
a c id  co n ten t  a lon e  i s  not an i n f a l l i b l e  c r i t e r io n  on which to  
b ase  an assessm ent of adrenal a c t i v i t y .  As mentioned above, 
I n g le  and Li (1952) co n sid er  the d egree  o f thymic in v o lu t io n  
to  be a more r e l i a b l e  in d ic a t io n .
c . /
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c .  S u d a n o p h ll ia . Some o f  the experim ents d escr ib ed  in  S e c t io n  
4 in d ic a t e  th a t  the su d an op h ilic  substance in  the zona 
f a s c i c u l a t a  i s  c h o le s t e r o l .  I t  i s  now n ece ssa r y  to  c o n s id e r  
whether the se c r e to r y  a c t i v i t y  of an adrenal gland can be h e ld  
to  be reduced when the zona f a s c i c u l a t a  i s  d ep le ted  o f  
c h o l e s t e r o l .
H echter e t  a l . (1951) and H aines (1952) showed th a t the  
adrenal c o r te x  p o sse s se s  enzyme system s which c a t a ly s e  C -11 ,  
C-17 and 0 -2 1  h yd roxy la tion  o f the s t e r o id  n u c leu s . C o r t i -  
:c o s tç r o n e  and 1 7 -h yd ro xyco r ticosteron e  appear to  be the main 
s t e r o id s  formed. S tu d ie s  w ith  a c e ta te  and c h o le s t e r o l  
l a b e l l e d  w ith  0 - ,  in d ic a te  th a t  th e se  adrenal s t e r o id s  may be14
d er iv ed  from e i th e r  a c e ta te  or c h o le s t e r o l  and th a t  c h o le s t e r o l  
i s  not an o b l ig a to r y  in term ed ia te  in  c o r t i c o s t e r o id  s y n th e s is  
from a c e t a t e .  C o n verse ly , c h o le s t e r o l  i s  not degraded to  
a c e ta te  b e fo r e  s y n th e s is  to  c o r t i c o s t e r o id s .  These r e s u l t s  
in d ic a t e  th a t  the d e p le t io n  o f  c h o le s t e r o l  from the zona 
f a s c i c u la t a  does not preclude the p o s s i b i l i t y  th at s y n th e s is  o f  
c o r t i c o s t e r o id s  i s  s t i l l  going on.
The s tu d ie s  of Popjak (1944) showed th a t  th ere  was not a 
com plete p a r a l le l is m  between sudanophilia  and what were 
con sidered  to  be the more s p e c i f i c  k e to s t e r o id  r e a c t io n s .  In  
f a c t ,  he found th a t  the r e l a t i v e  amounts o f  su d an op h ilic  
m a te r ia l  and k eton es in  the zona f a s c i c u l a t a  were in v e r s e ly  
p r o p o r t io n s ] /
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p r o p o r t io n a l .  He reported  th a t  24 hours a f t e r  in ju r y  the  
d e p le t io n  of sudanophilic  and b ir é f r in g e n t  l i p i d s  from the  
zona f a s c i c u l a t a  was a s s o c ia te d  w ith  b oth  an in crea se  in  the  
i n t e n s i t y  o f the phenylhydrazine r e a c t io n  (su p posed ly  showing  
k e to s t e r o id s )  and a widening o f  the zone showing the r e a c t io n .
By chem ical e s t im a tio n  he found a red u ction  in  c h o le s t e r o l  
during the same p eriod . More recen t work, however, has thrown 
some doubt on the s p e c i f i c i t y  of the phenylhydrazine and 
A shbel-Seligm an r e a c t io n s  f o r  k e t o s t e r o id s .  Karnovsky and 
Deane (1954) found th a t the l i p i d  d r o p le ts  in  f r e s h  ra t  
ad ren a ls  showed no h is to c h e m ic a l  carbonyl r e a c t io n  by the S c h i f f  
or A shbel-Seligm an t e s t s ,  whereas they  became in t e n s e ly  r e a c t iv e  
fo l lo w in g  s e v e r a l  days’ f i x a t i o n  in  10 per cen t fo rm a lin .
T his r e s u l t  would su g g est  th a t  the p o s i t i v e  phenylhydrazine  
r e a c t io n  found by Popjak could have been caused by the f i x a t i v e .  
On the o th er  hand, in  the adrenal o f  a normal r a t ,  presumably 
such a s  th ose  te s t e d  by Karnovsky and Deane, the c h o le s t e r o l  
co n ten t  i s  h igh  and, s in c e  the gland i s  not norm ally extrem ely  
a c t i v e ,  the k e to s te r o id  con ten t may be expected  to be very low. 
Volman and Greco (1952) a ls o  co n s id er  th a t  formaldehyde com- 
: b in es  w ith  unsaturated  l i p i d s  a t  the double bond. The r e s u l -  
: t in g  complex co n ta in s  a f r e e  carbonyl group which probably  
o r ig in a te s  from the formaldehyde and t h i s  r e a c t io n  product may 
be shown up by the S c h i f f  reagent and by the A shbel-Seligm an  
procedure. Wolman and Greco th e r e fo r e  agree w ith  Karnovsky 
and/
72.
and Deane in  th a t  they co n s id e r  th a t a p o s i t i v e  A shhel-Seligm an  
r e a c t io n  may he the r e s u l t  of o x id a tio n  of unsaturated  compounds 
such a s  f a t t y  a c id s .  Wolman and G reco, however, do n o t ru le  
ou t the p o s s i b i l i t y  th a t  a p o s i t i v e  r e a c t io n  may a l s o  in d ic a t e  
the p resen ce  of true d e to s t e r o id s .  This would e x p la in  the 
in c r e a s e  in  i n t e n s i t y  of the phenylhydrazine r e a c t io n  above the  
normal found by Popjak a f t e r  .in jury . A t such a time the  
s y n th e s i s  o f  c o r t i c o s t e r o id s  would be expected  to  in c r e a s e .
L a s t l y ,  i t  seems u n j u s t i f ia b le  to  assume th a t  th e  areas  
of d e p le t io n  in  the f a s c i c u la t a  of the 12- and 5-w eek-old  A 
s t r a in  m ice (w hich , a lthough  not so e x te n s iv e  a s  th ose  found in  
the dead or d y in g  3 -w eek-old  m ice , were y e t  very  la r g e )  rep re-  
; sented  a re a s  in  which no s e c r e to r y  a c t i v i t y  was tak ing  p la c e .  
A l l  the ev id en ce  in  the l i t e r a t u r e  would su g g es t  th a t a t  t h i s  
s ta g e  the s e c r e to r y  a c t i v i t y  of the adrenal c o r te x  i s  g r e a t ly  
in c r e a se d .
Some doubt, th e r e fo r e ,  i s  thrown on the c l a s s i f i c a t i o n  o f  
a s e v e r e ly  d ep le ted  and hypertrophied  f a s c i c u l a t a  (such  as  i s  
found in  the 3 -w eek-old  " fa ilu re "  mice) as  an "exhaustion"  
phase, i f  t h i s  term im p lie s  th a t  the ra te  o f s e c r e t io n  o f  
s te r o id  hormones i s  g r e a t ly  reduced. A lthough t h i s  phase 
fr e q u e n t ly  occurs a t  the p o in t  o f  death i t  may be in d ic a t iv e  o f  
a h y p e ra c t iv e  g lan d .
In the l i g h t  o f  the ev id en ce  a v a i l a b l e ,  i t  has been assumed,
f o r /
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f o r  the purposes o f the p resen t experim ents, th a t  the e s t im a tio n  
o f  adrenal a c t i v i t y  from the degree of in v o lu t io n  o f  the thymus, 
d e p le t io n  of the zona f a s c i c u l a t a ,  and to a sm a ller  ex ten t hy  
the ad ren a l hypertrophy, i s  j u s t i f i a b l e .
( i i )  E stim ation  of thyroid  a c t i v i t y . A ssessm ents o f  
th yro id  a c t i v i t y  in  the experim ents d escr ib ed  in  S e c t io n  IV have 
been made, f o r  the most p a r t ,  by in sp e c t io n  o f the f o l l i c u l a r  
c e l l  h e ig h t ,  the n u c lea r  volume and the s t a t e  of the c o l l o i d .
The experim ents in v o lv in g  auto-rad iography showed th a t  a 
h i s t o l o g i c a l  appearance o f  a c t i v i t y  o f  the th yro id  gland or o f  
in d iv id u a l  f o l l i c l e s  was accompanied by a h ig h  uptake o f ra d io ­
a c t iv e  io d in e ;  co rresp o n d in g ly , a h i s t o l o g i c a l  appearance o f  
i n a c t i v i t y  v^ as accompanied by a low uptake o f  I^^^.
There i s  a p o s s i b i l i t y  th a t some error  may have been  
in troduced  among the fem ales  by a v a r ia t io n  o f th yro id  a c t i v i t y  
during the o e s trous c y c le .  Soliman and Reineke (1954) observed  
a maximum uptake of 1^31 from mice k i l l e d  during p r o -o e s tr u s  
b ut found no s i g n i f i c a n t  a l t e r a t io n s  o f body or thyro id  w eigh ts  
during the fo u r  s ta g e s  of the c y c le .  T his  c y c l i c  change in  
a c t i v i t y  would n o t ,  however, occur in  the 3 -w eek-o ld  m ice which  
were s e x u a l ly  immature and the thyroid  a c t i v i t y  of the 12 -  and 
5-w eek -o ld  fem ales a f t e r  exposure to  co ld  was ap p aren tly  the  
same a s  th a t  of the males in  the same c o n d it io n s .  Hurst and 
Turner (1947) have, in  f a c t ,  shown th a t  th ere  i s  no sex  
d if f e r e n c e  in  the th yro id  s e c r e t io n  ra te  o f 5-w eek-old  m ice ,  
although  a d u lt  fem ales s e c r e te  tw ice  as much thyroxine as m ales.
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Tala (1953) compared the e p i t h e l i a l  h e ig h t  w ith  the n u c lea r  
volume a s  in d ic a to r s  o f th y ro id  a c t i v i t y .  He used young male 
g u in e a -p ig s  in  which the th yro id  g lands were s t im u la ted  hy  
sm all amounts o f TSH and found th a t  b o th  methods were accu rate  
to  0 .0 0 0 0 1  J .S .  u n i t s  o f  th yrotroph ic  hormone. B otk in  e t  a l . 
(1954) con sid ered  th a t  the primary e f f e c t  of TSH was to  induce  
the r e le a s e  of hormone from the th yro id  gland and Uhlenhuth  
e t  a l . (1945) s ta te d  th a t  during  a rapid  r e le a s e  o f  s to red  
c o l l o i d  th ere  was a r i s e  in  f o l l i c u l a r  c e l l  h e ig h t .  Prom h is  
s tu d ie s  on the thyro id  gland o f  the salamander Uhlenhuth con-  
; eluded th a t  large  c e l l s  are a p r e r e q u is i t e  f o r  c o l l o i d  r e le a s e ,  
although  b o th  high and low f o l l i c u l a r  c e l l s  are capable o f  
e la b o r a t in g  and s to r in g  c o l l o i d  in  the f o l l i c l e s .
These r e s u l t s  s tr o n g ly  su g g e s t ,  though do n ot f i n a l l y  prove, 
th a t a h i s t o l o g i c a l  appearance of a c t i v i t y  r e f l e c t s  a h igh  ra te  
o f  d isch a rg e  o f thyro id  hormone. (T h is  does not a p p ly , of  
c o u r se ,  a f t e r  treatm ent w ith  b lo ck in g  a g en ts  such a s  t h i o u r a c i l . )  
They should  be considered  in  con ju n ction  w ith  o th er  e v id e n c e ,  
such as  in c r e a s e s  in  m etabolic  ra te  and h ea t  p rod u ction . Taking 
in to  accoun t a l l  the ev id en ce a v a i l a b l e ,  i t  has been assumed 
f o r  the purposes of the p resen t  experim ents th a t a ssessm en ts  o f  
th yro id  a c t i v i t y  from the n u c lea r  shape, s t a t e  of the c o l l o i d  
and f o l l i c u l a r  c e l l  h e ig h t  are j u s t i f i a b l e .
(b)/
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(b ) R e la t io n s h ip  between th yro id  and adrenal a c t i v i t y .
The question  n e x t  a r i s e s  a s  to  whether th e  p e c u l ia r  
response o f  the 3 -w eek -o ld  " fa ilu r e "  m ice , namely th e  in a c t iv e  
th y ro id s  and h y p era c t iv e  adrenal g lands a f t e r  7 d a y s’ exposure, 
could  b e  the r e s u l t  of th e  in t e r a c t io n  o f th e se  two g la n d s .
In o th er  words, could the h y p e ra c t iv e  ad ren a ls  be the d i r e c t  
cause o f  the in a c t iv e  th yro id s  and v i c e  versa? There i s  
e x te n s iv e  ev idence in  the l i t e r a t u r e  o f  a c l o s e  r e la t io n s h ip  
between thyroid  and adrenal a c t i v i t y  and t h i s  i s  b e s t  reviewed  
in  two p a r ts .
( i )  E f f e c t s  of adrenal c o r t i c a l  hormones on th e  th yro id  
glan d . There i s  co n s id e ra b le  d isagreem ent about th e  e f f e c t s  
of c o r t is o n e  and ACTH on the th y ro id  g lan d .
Migeon e t  a l . (1952) and H einbecker and O’Neal (1953)  
s t a t e  th a t  c o r t is o n e  has no e f f e c t  on the th y ro id s  o f  normal 
r a t s .  O’Neal (1953) showed th a t  th e  a d m in is tra t io n  of c o r t iso n e  
did n ot in f lu e n c e  th e  ra te  or volume of d isch arge  o f thyroxine  
in to  the b lood  in  dogs and th a t  the r a te  of d e s tr u c t io n  o f  the  
th yrox in e  was a ls o  n ot a f f e c t e d .  S im i la r ly ,  Engstrom and 
Harkhardt (1954) found no ev id en ce  in  man of an a l t e r e d  r a te  
of d e s tr u c t io n  of thyro id  hormone by c o r t i s o n e .  A ga in , Kuhl 
and Z i f f  (1952) observed no s i g n i f i c a n t  changes in  the b a s a l  
m etabo lic  ra te  o f  p a t ie n t s  r e c e iv in g  ACTH or c o r t is o n e  and 
E a s te n ie ,  Gepts and D e s c l in  (1952) s t a t e  th a t  c o r t is o n e  never  
d ep resses  the th yro id .
On/
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On the o th er  hand, many workers, in c lu d in g  D’Angelo (1 9 5 1 ) ,  
B otk in  e t  a l . (1952) and Brown-G rant e t  a l . (1 9 5 3 ) ,  have  
reported  th a t thyro id  a c t i v i t y  d im inished  fo l lo w in g  v ar iou s  
" s tr e s s e s "  such as s ta r v a t io n  or X - ir r a d ia t io n .  They su g g est  
th a t  t h i s  was due to a reduced s e c r e t io n  o f  TSH. B agorich  
and Timiras (1951) showed th a t  a sev ere  s t r e s s  caused a decreased  
uptake of r a d io - io d in e  hy the th yro id  as w e l l  as a supp ression  
o f  th yrotroph ic  s t im u la t io n .
These l a t t e r  e f f e c t s  can sometimes he reproduced hy t r e a t -  
; ment w ith  ACTH or c o r t i s o n e .  Money e t  a l . ( 1951) showed 
th a t  b o th  ACTH and c o r t is o n e  d ecreased  the th y ro id a l c o l l e c t i o n  
o f  in  the rat but s ta t e d  th a t  no e f f e c t  was seen on the
h e ig h t  o f  the f o l l i c u l a r  c e l l s .  Brown-Grant (1955) found th a t  
c o r t i s o n e  in h ib i t e d  the r e le a s e  o f  th y r o id a l  r a d io - io d in e .
F u rth er  d isagreem ent e x i s t s  regard in g  the mechanism o f  
t h i s  reported  in h ib ito r y  in f lu e n c e  o f ACTH or c o r t iso n e  on the  
th y ro id  g lan d .
A lb e r t ,  Tenney and Ford (1952) s t a t e  th a t  I^CTH, w h ile  
low ering  the 24-hour accum ulation , does not a f f e c t  th e  d i s -  
: charge o f  th y ro id a l They co n c lu d e , th e r e fo r e ,  th a t  i t
has no e f f e c t  on the production  o f TSH. P asch k is  e t  a l .
( 1952) report th a t  c o r t i c a l  hormones a c t  d i r e c t l y ,  and not  
n e c e s s a r i ly  through p i t u i t a r y  su p p re ss io n , in  in h ib i t in g  th e  
TSH-thyroid mechanism, s in c e  t h i s  a c t io n  can b e  produced in  
hypophysectom ised/
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hypophys ec tomi sed r a t s .  S im i la r ly ,  Woodbury, Gcsh and Sayers
(1951) found that ACTH or c o r t is o n e  in h ib i t e d  the a c t io n  of
TSH when g iven  w ith  TSH to hypophysec tomi sed  r a t s .  S h e lla b a rg er  
(1954)>  working w ith  White Leghorn c o c k e r e ls ,  found th a t  
c o r t is o n e  in h ib i te d  th y ro id a l uptake in  the p resence or absence  
of TSH and so concluded th a t  i t  had a d i r e c t  a c t io n  on the  
th yro id  in  the dom estic fo w l. L a s t ly ,  the work o f Lederar
( 1952) a l s o  in d ic a t e s  a d i r e c t  a c t io n  o f  c o r t is o n e  on the  
th yro id  gland o f the r a t .  He showed th a t  the in c r e a s e  in  
w eight o f  the th y ro id s  by s t im u la t io n  w ith  exogenous TSH was 
in h ib i t e d  by c o r t i s o n e ,  a lthough  i t  d id  not a f f e c t  th e  w eight  
or h i s t o l o g i c a l  changes caused by propyl t h io u r a c i l .
On the o th er  hand, s e v e r a l  workers have found th a t  
c o r t i s o n e  a f f e c t s  thyroid  s e c r e t io n  i n d i r e c t l y  through the  
p i t u i t a r y .  H i l l  e t  a l . ( 1 9 5 0 ) ,  from c l i n i c a l  e v id e n c e ,  and 
Brown-Grant, H arris and R e ic h l in  (1954L) , v/orking on the r a b b it ,  
s t a t e  th a t  c o r t is o n e  and ACTH a c t  m ainly by su p p ress in g  
p i t u i t a r y  TSH s e c r e t io n .  I t  seems doub tfu l whether ACTH i t s e l f  
has any d i r e c t  e f f e c t  on the th y r o id ,  s in c e  Brown, Woodbury and 
Sayers (1952) have shown th a t adrenalectomy a b o l is h e s  the  
in h ib i t io n  o f  TSH a c t io n  when g iven  con cu rren tly  w ith  ACTH in  
kypophysectomised r a t s .
I t  th e r e fo re  appears th a t  most of the in v e s t ig a t o r s  who 
f in d  th a t  c o r t is o n e  or ACTH d e p r e s s e s  thyroid  a c t i v i t y  are  o f  
th e /
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th e  op in ion  th a t the in h ib i t io n  ta k es  p la c e  e i t h e r  by a 
su p p ress io n  of TSH s e c r e t io n  in  the p i t u i t a r y  gland or by d ir e c t  
a c t io n  on the th yro id  gland i t s e l f .  Two o th er  hypotheses have 
been put forward. F i r s t ,  Goldenberg e t  a l . (1955) co n s id e r  
th a t  in  man the s i t e  of hormonal in t e r a c t io n  i s  a t  the c e l l u l a r  
m etab o lic  l e v e l .  S econ d ly , Bad r ick  e t  a l . (1954) showed th a t  
c o n d it io n s  o f " stress"  such as extremes of temperature or 
e l e c t r i c  shock, led  to  on ly  a t r a n s i to r y  reduction  of  
uptake by th e  th y ro id . I t  v^ as a l s o  independent o f  the a n te r io r  
p i t u i t a r y  or the adrenal s in c e  hypophysectomised or a d ren a l-  
: ectom ised r a t s  showed the same degree of in h ib i t io n  as normal 
on es. Bad r ick  and h i s  c o l le a g u e s  con sid er  th a t  t h i s  in h ib i t io n  
of th yro id  fu n c t io n  i s  due to  th e  r e le a s e  o f  v a s o -c o n s tr ie to r  
su b stan ces  in to  the b lood  when the animal i s  s t r e s s e d .
There have been se v e r a l  th e o r ie s  put forward to  e x p la in  
the v a r i e t y  of reported  e f f e c t s  o f  c o r t i s o n e  and " s tre ss"  on 
the th yro id  g lan d .
Ingbar (1953) suggested  th a t  the d ecreased  I^^^ uptake by  
the th y ro id s  a f t e r  c o r t is o n e  treatm ent could be exp la ined  by  
the in crea se d  io d in e  e x c re t io n  from the k idn eys caused by  
c o r t i s o n e .  Greenspan, G ifford  and Deming (1953) p o in ted  out 
th a t the method of a d m in is tra tio n  may a l s o  a f f e c t  the r e s u l t s  
produced. They showed th a t  some c o r t is o n e  e f f e c t s  req u ire  
su s ta in e d  l e v e l s  o f  c o r t i c a l  hormones in  the blood stream and 
th ese  are produced only by subcutaneous i n j e c t i o n s .
Subcutaneous/
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Subcutaneous in j e c t io n s  of c o r t is o n e  le d  to  l o s s  o f body weight 
and atrophy o f the thymus and a d ren a l,  whereas in tr a p e r i to n e a l  
i n j e c t i o n s  did n o t .  This may be the reason f o r  some, a lthough  
n o t  a l l ,  o f  the c o n f l i c t i n g  rep o r ts  on th e  e f f e c t  o f  c o r t is o n e  
on th y ro id  a c t i v i t y .
The c o n f l i c t i n g  r e s u l t s  reported  by Aterman and Greenburg 
may a l s o  be exp la ined  in  the l i g h t  of more recen t  work. In  
1953 Aterman and Greenburg showed th a t  h igh  dose l e v e l s  o f  
c o r t i s o n e  r e s u lte d  in  exophthalmos and th yro id  enlargement in  
young r a t s  and presumably acted  a s  a m ild  g o itr o g e n . In 1954» 
on the o th e r  hand, they found th a t  prolonged c o r t is o n e  adm inist- 
: r a t io n  to hypophysectomised ad u lt r a t s  produced no o cu la r  
p r o tr u s io n .  These r e s u l t s  would su g g es t  an in d ir e c t  a c t io n  on 
the th y ro id  v ia  the p i t u i t a r y ,  r e s u l t in g  in  a h y p era c t iv e  gland. 
Boas and Scow (1 9 5 4 )» however, found th a t  young r a t s  dwarfed 
by thyroidectom y or c o r t is o n e  treatm ent d evelop  an apparent, 
exophthalm os. They s ta te d  th a t  t h i s  was due to normal e y e b a l l  
growth in  th e  presence of a marked i n h ib i t i o n  o f head and body  
growth. W illiam s (1955) a l s o  showed th a t  c o r t iso n e - in d u c e d  
exophthalmos in  young g u in e a -p ig s  was due to  retarded growth o f  
the s k u l l  and n ot to  a d i r e c t  e f f e c t  on the th y ro id . Whether 
exophthalmos develops a f t e r  c o r t is o n e  a d m in is tr a t io n  e v id e n t ly  
depends upon the age of the experim ental anim al.
The in f lu e n c e  of c o r t is o n e  on th yro id  fu n c t io n  i s  thus
s e e r /
8c.
seen  to  be very v a r ia b le .  In the p resen t exp er im en ts , the  
e f f e c t s  of in j e c t io n s  o f  c o r t is o n e  or o f  ACTH on 3 -^ eek -o ld  
A s t r a in  mice were fa r  from dram atic. As s ta te d  above, th ere  
was no change v i s i b l e  on c a r e fu l  in sp e c t io n ;  a c tu a l  measure- 
: ment o f  the h e ig h t o f the e p i t h e l i a l  c e l l s  might have revea led  
a d i f f e r e n c e  but no such a l t e r a t io n  cou ld  have compared in  
e x te n t  w ith  the e f f e c t  produced by c o ld  exposure in  mice o f the  
" fa ilu r e "  group.
I t  i s  p o s s ib le  to s t a t e ,  th e r e fo r e ,  th a t whatever may be  
the primary fa c to r  or f a c t o r s  in  the production  of the  
h yp oa ctive  co n d it io n  o f the th y ro id  g la n d s , i t  i s  n o t c o r t is o n e  
a c t in g  a lo n e .  There i s  a p o s s i b i l i t y  th a t  a f a l l  in  body 
temperature i s  r e sp o n s ib le ,  s in c e  Verzar e t  a l . (1953) have 
shown th a t  in  r a t s  a low ering o f  the body temperature to 15^0 
to  20^0 i s  accompanied by com plete i n a c t i v i t y  of the thyro id  
glan d .
( i i )  E f f e c t s  o f  thyroid  hormone on the ad ren al g lan d . The 
ev id en ce  fo r  the in f lu e n c e  of th yro id  hormone on the adrenal  
gland i s  more s tra igh tforw ard .
Deane and Greep (1 9 4 7 )» Zarrow and Money (1 9 4 9 ) ,  Maqsood 
( 1950) and Freedman and Gordon (1950) showed th a t  hypothyroidism  
r e s u l t in g  from s u r g ic a l  thyroidectom y or the a d m in is tr a t io n  o f  
a n t i - th y r o id  drugs was accompanied by adrenal c o r t i c a l  atrophy. 
The a c t i v i t y  of such an a trop h ied  gland i s  n o t ,  however, 
n e c e s s a r i ly /
81.
n e c e s s a r i ly  reduced s in c e  i t  may be cap ab le  of a g r e a te r  than  
normal r a te  of s e c r e t io n .  P in e r ty  and Hess (1951) found th a t  
the d e p le t io n  of a sco r b ic  a c id  from the ad ren a ls  a f t e r  a sca ld  
was g r e a te r  in  thyro idectom ised  r a ts  than in  c o n tr o ls .
Freedman and Gordon (1955) exposed hypothyroid  r a t s  to  co ld  and 
they to o  observed a respon se  g re a te r  than normal.
Zarrow and Zarrow (1951) attem pt an ex p la n a tio n  of th e  
c o r t i c a l  atrophy by su g g e s t in g  th at in  the hypothyroid  r a t  the  
p i t u i t a r y  i s  s e c r e t in g  an e x c e p t io n a l ly  la rg e  amount of th y ro -  
; trop h ic  hormone and th a t  con seq u en tly  l e s s  ACTH i s  sy n th e s is e d .  
Halmi and Bogdanove ( l 9 5 l ) » on the o th er  hand, found no s i g n i -  
: f i c a n t  d i f f e r e n c e  in  ACTH con ten t between normal and 
th yro id ectom ised  r a t  p i t u i t a r i e s .  They b e l i e v e  th e r e fo r e  th a t  
the r e d u c t io n  in  ACTH output i s  n o t p r im a r ily  due to  an i n a b i l i t y  
of the p i t u i t a r y  to s y n th e s is e  ACTH.
Many au th o rs , in c lu d in g  Gardener (1 9 4 2 ) ,  Deane and Greep 
(1947) and Maqsood (1954) have reported  th a t  in j e c t io n  or  
fe e d in g  vdth th yrox in e  r e s u l t s  in  ad ren a l hypertrophy.
L ow enstein  and Zwemer (1 9 4 2 ) ,  however, report th a t w ith  very  
high  d oses  of th yro id  hormone, in v o lu t io n  o f the ad ren a l co r tex  
o c c u r s .  I t  i s  d oub tfu l whether th e  mechanism of adrenal  
enlargem ent i s  d i r e c t l y  r e la ted  to  an e lev a ted  b a s a l  m etab o lic  
r a t e ,  s in c e  M ercier-Parot e t  a l . ■(1951) have shown th a t  
enlargem ent i s  not produced w ith  d in itr o p h e n o l .  I t  i s  more 
l i k e l y  th a t ,  a s  suggested  by Tepperman, Engel and Long (1943a ,
V
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b ) , treatm ent with th yro id  hormone i s  only one o f many 
" s t r e s s fu l"  ag en ts  producing ad ren a l hypertrophy. This e f f e c t  
depends on the presence o f  an i n t a c t  p i t u i t a r y  g la n d , s in c e  
M ercier-P arot e t  a l . (1951) found th a t  i t  d id  n o t occur in  
hypophysectomised r a t s .
' There i s  no ev id en ce  in  the l i t e r a t u r e  th a t hypertrophy  
o f  the adrenal g lan d , such as was found in  the 3 -w eek-old  
" fa ilu r e "  m ice , i s  ever the r e s u l t  of an in a c t iv e  th yro id  gla,nd. 
The very  high ratq  o f  s e c r e t io n  in  the adrenal c o r te x  o f  th ese  
mice may, however, be p a r t ly  the r e s u l t  o f a lowered r a te  o f  
th yro id  s e c r e t io n  s in c e ,  as  a lrea d y  m entioned, hypothyroid  
mammals exposed to c o ld  may show a g r e a te r  than normal adrenal  
resp o n se .
( c) Mechanisms of c o n tr o l  o f  ad ren a l and thyroid  a c t i v i t y .
The h y p era c t iv e  s t a t e  of the ad ren a l g lands in  some of  
the 3 -w eek-0Id mice may be p a r t ly  the r e s u l t  o f  the in a c t iv e  
th yro id  g lan d s. Hov/ever, the r e v e r se  i s  not true: th a t i s ,
i n a c t i v i t y  of the th yro id  glands cannot i t s e l f  be caused by a 
h igh  con cen tra tio n  of adrenal c o r t i c a l  hormones in  the b lood .
In order to  d etermine the p o s s ib le  reasons f o r  th yro id  
i n a c t i v i t y  a t  a time when h y p e r a c t iv i ty  would be expected  and 
f o r  th e  continued h igh  r a te  of s e c r e t io n  in  the adrenal g lands  
( t h a t  i s ,  no. apparent "recovery" s ta g e ) ,  i t  i s  n ecessa ry  to  
co n s id e r  the mechanisms which c o n tr o l  the a c t i v i t y  o f  th e se  two 
g la n d s .
(1)/
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( i )  C on tro l o f  th yro id  a c t i v i t y . There i s  e x te n s iv e  
ev id en ce th a t  exposure to  co ld  le a d s  to:
(a )  production  o f  TSH hy the a n te r io r  p i t u i t a r y ;
i ,
(h ) in creased  a c t i v i t y  o f  the thyro id  gland;
( c )  in creased  u t i l i s a t i o n  of th yro id  hormone hy the  
body t i s s u e s .
The f i r s t  p o s s i b i l i t y  i s  th a t  exposure to  co ld  r e s u l t s  in  
an in crea se d  production o f  TSH and th a t  t h i s  in  turn lea d s  to  
an in crea sed  ra te  of s e c r e t io n  of th yro id  hormone w ith  a r i s e  
i n  i t s  co n ce n tra t io n  in  the b lo o d . This would f i n a l l y  cause  
a h igh er  r a te  o f  t i s s u e  m etabolism . I f  the i n i t i a l  response  
o f  the animal i s  an in c r e a se  in  TSH p rod u ction , i t  seems 
probable th a t  th i s  could  be e l i c i t e d  by means o f  nervous s t im u -  
: l a t i o n .  Brown-Grant e t  a l . ( l9 5 4 s )  produced ev idence to
support th e  view th a t the c e n t r a l  nervous system  can in f lu e n c e  
thyroid  a c t i v i t y  through a l t e r a t io n s  in  s e c r e t io n  o f  TSH from 
th e  a n te r io r  p i t u i t a r y .  B r o l in  (1945) a l s o  su ggested  th a t  th e  
r e le a s e  o f  th yrotrop h ic  hormone from the p i t u i t a r y  glands o f  
r a ts  exposed to  cold  was c o n tr o l le d  by a neural mechanism.
The o th er  p o s s ib le  mechanism, considered  by Rand e t  a l .
( 1952) to  b e  the more l i k e l y ,  i s  an i n i t i a l  in c r e a s e  in  the  
ra te  of u t i l i s a t i o n  of th e  thyro id  hormone by th e  body t i s s u e s .  
T h is  would, i t  i s  supposed, lead  to a low ering  o f  the coneen-  
: t r a t io n  o f  thyro id  hormone in  the b lood  and a compensatory
in c r e a se  in  the s e c r e t io n  of th yrotroph ic  hormone and so to an 
in c r e a s e /
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in c r e a s e  of thyroid  a c t i v i t y .  S ev er a l  workers have produced  
ev idence supporting t h i s  th eory . Dempsey and S e a r le s  (1943)  
found evidence of th yro id  a c t i v i t y  a f t e r  s e c t io n  o f  the p i t u i t a r y  
s t a l k .  U o t i la  (194C) showed th a t  a lthough  s e c t io n  o f  the  
p i t u i t a r y  s t a lk  in  r a t s  exposed to  co ld  prevented hypertrophy  
o f  the th y r o id ,  i t  d id n ot a f f e c t  the hypertrophy of a th y ro id  
remnant a f t e r  su b to ta l  thyroidectom y.
B a rn ett  and Greep (1951) , working w ith  r a t s ,  showed th a t  
the hypophyseal blood v e s s e l s  did n o t  reg en era te  a f t e r  s e c t io n  
o f  the p i t u i t a r y  s ta lk .  There was n ot on ly  h i s t o l o g ic a l  
evidence of hypofunction  o f  the p i t u i t a r y  gland but the ad ren a ls  
and thyroid  were a tro p h ied , in d ic a t in g  a subnormal r e le a s e  o f  
adr'enocorticotroph ic  and th yrotroph ic  hormones. However, on 
exposure to c o ld  th ere  was an in c r e a se  in  output o f b o th  th e se  
hormones, r e su lt in g  in  adrenal hypertrophy and an in c r e a s e  in  
th e  f o l l i c u l a r  c e l l  h e ig h t  o f  the th yro id  g la n d s . T his su g g e s ts  
th a t  the p i t u i t a r y  gland responded to  the " stress"  o f  exposure  
d e s p it e  the absence o f  d i r e c t  neural or v a sc u la r  co n n ec t io n s  
w ith  the c e n t r a l  nervous system . B a rn e tt  and Greep su g g est  
th a t  the t i t r e  o f c o r t is o n e  and thyroid  hormone in  the b lood  
p la y s  a major ro le  in  the r e g u la t io n  o f  p i t u i t a r y  a d r e n o c o r t ic o -  
: trophic  and th yrotroph ic  a c t i v i t y .
I t  appears th e r e fo r e  th a t the a c t i v i t y  of the thyroid  gland  
may be c o n tr o lle d  by two methods, one n eu ra l and the o th er  
chem ical.
( i i ) /
85 .
( i i )  C ontro l of ad ren a l a c t i v i t y . I t  i s  u n l ik e ly  th a t
the primary cause of adrenal hypertrophy a f t e r  co ld  exposure  
i s  the in crea se d  thyroid  a c t i v i t y ,  e s p e c ia l l y  s in c e  in  the  
" fa ilu r e "  mice o f  the p resen t experim ents th ere  was ad ren a l  
hypertrophy and d e p le t io n  in  th e  presence o f  i n a c t iv e  th yro id  
g la n d s . Tepperman, Engel and Long (1943) have p o inted  out  
th a t  adrenal c o r t i c a l  hypertrophy always depends on an in crea sed  
amount o f c ir c u la t in g  ACTH. I t  has been p o s tu la te d  th a t  
s t im u la t io n  o f the p i t u i t a r y  gland in  c o n d it io n s  o f  " s tress"  i s  
in  turn due to a d ren a lin . Gemzell e t  a l . (1951) showed th a t  
a d ren a lin  p a r t ly  prevented  the r i s e  in  plasma ACTH « a f t e r  
adrenalectom y in  r a ts  but accen tu ated  the f a l l  in  p i t u i t a r y  
ACTH c o n ce n tra t io n . These authors concluded th a t  a d ren a lin
in h ib i t e d  ACTH s y n th e s is  but stim u lated  ACTH s e c r e t io n .  Vogt/
(1 9 5 1 a , b) showed, hov/ever, th a t  a d ren a lin  i s  n ot the most 
im portant f a c t o r  in  evoking the response of the adrenal c o r te x  
o f  r a t s  to  em otional s t im u l i ,  s in c e  the response could be  
produced in  dem edullated a n im als . G uillem in  (1955) confirmed  
th e s e  r e s u l t s  and in  a d d it io n  showed th a t  a d ren a lin  V7as n ot  
r e s p o n s ib le  f o r  s t im u la t io n  of the p i t u i t a r y  a f t e r  a system ic  
s t r e s s ,  such as in j e c t io n  of fo rm a lin .
I t  has a lrea d y  been mentioned th a t B a rn ett  and Greep (1951)  
co n s id er  th a t the co n cen tra tio n  o f  c o r t iso n e  in  the b lood  p la y s  
an im portant p a rt  in  the r e g u la t io n  o f p i t u i t a r y  a d r e n o c o r t ic o -  
: trophic a c t i v i t y .  Sayers and Sayers (1947) a l s o  a t t r ib u t e  
th e /
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the r e le a s e  o f  ACTH to a red u ction  in  c i r c u la t in g  c o r t i c a l  
s t e r o id s  and t h i s  red u ction  i s  held  to depend in  turn on t i s s u e  
requirem ents. Evidence th a t  ACTH s e c r e t io n  i s  s e n s i t i v e  to  
l e v e l s  o f  c i r c u la t in g  c o r t i c o s t e r o id s  i s  g iven  in  the work o f  
Gemzell e t  a l . (1951) who showed th at in crea se d  hlood l e v e l s  
o f  ACTH occurred in  r a t s  a f t e r  adrenalectom y. F a r r e l l  and 
Laqueur ( 1 9 5 5 )» working w ith  d o gs , showed th a t  the ACTH con tent  
o f  the p i t u i t a r i e s  d e c l in e d  w ith  the le n g th  o f tim e o f  
a d m in is tr a t io n  o f  c o r t i s o n e .
Some workers have r e c e n t ly  put forward the theory  o f  a 
dual mechanism of ACTH c o n tr o l .  Ganong and Hume (1955) found 
th a t  d e s tr u c t io n  o f  p art of the hypothalamus o f  dogs b locked  
the " stress-in d u ced "  in c r e a s e s  in  ACTH s e c r e t io n  b ut d id  not  
m odify the d ep ress io n  in  ACTH s e c r e t io n  fo l lo w in g  c o r t ic o id  
a d m in is tr a t io n . F o r t ie r  (1951) and Anand e t  a l . (1954)  
concluded th a t  ACTH s e c r e t io n  in  r a ts  could  be mediated through  
the hypothalamus by nervous s t im u li  as w e ll  as  by a p u rely  
hormonal mechanism in  response to  system ic  s t im u l i .  In  
a d d it io n ,  S a ffra n  and S c h a l ly  (1955) found ev idence  th a t  the  
p o s te r io r  p i t u i t a r y  may a c t iv a t e  the a n te r io r  p i t u i t a r y  to  
r e le a s e  ACTH and M artin i and Morpurgo (1955) su g g es t  the  
a n t i - d iu r e t i c  hormone a s  a p o s s ib le  neurohumeral tr a n sm itt in g  
a g en t .
The fu n c t io n  and c o n tr o l  o f  the zona glom erulosa o f  th e  
a d ren a l/
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a d r e n a l c o r t e x  c o n s t i t u t e  a s e p a r a te  problem  and s in c e  t h i s  zon e  
was n o t  s t u d ie d  in  d e t a i l  in  th e  p r e s e n t  e x p e r im e n ts  th e  s u b j e c t  
w i l l  n o t  b e  d is c u s s e d  h e r e .
The s e c r e t o r y  a c t i v i t y  o f  th e  zona f a s c i c u l a t a  i s  th u s  s e e n  
t o  b e  c o n t r o l l e d  in  a s im i la r  way t o  t h a t  o f  th e  th y r o id  g la n d ,  
n am ely  b y  b o th  c h e m ic a l and n e r v o u s  m ech an ism s.
t  f
(d )  Thyroid and adrenal c o r t i c a l  fu n c t io n  in  in fa n t  mammals.
I t  h a s  b e e n  s t a t e d  ( S e c t io n  I l l e ( i v ) )  t h a t  r a t s  and m ice  
a r e  p o ik i lo th e r m o u s  a t  b i r t h  and b e g in  to  r e g u la t e  t h e i r  b ody  
tem p era tu re  e f f i c i e n t l y  o n ly  a t  a b o u t 18 d a y s o f  a g e .  The 
e v id e n c e  from  a d u l t  mammals show s t h a t  one a s p e c t  o f  t h i s  r e g u -  
: l a t i o n  i s  th e  a b i l i t y  o f  th e  a d r e n a l ,  th y r o id  and p i t u i t a r y  
g la n d s  to  ch an ge t h e i r  r a t e s  o f  s e c r e t i o n .  The in f e r e n c e  can  
b e  draw n, t h e r e f o r e ,  t h a t  t h i s  a b i l i t y  i s  o n ly  d e v e lo p e d  a f t e r  
b i r t h .  R esea rch  on th e  e n d o c r in o lo g y  o f  f o e t a l  and in f a n t  
mammals i s ,  h o w ev er , n o t  n e a r ly  a s  e x t e n s iv e  a s  t h a t  on a d u l t s .
J o n e s  e t  a l .  (1 9 5 3 )  h ave shown t h a t  h ig h  l e v e l s  o f  ACTH 
i n  th e  m a te rn a l b lo o d  o f  r a t s  can  e n t e r  th e  f o e t u s  and p rod u ce  
a s t im u la t io n  o f  th e  f o e t a l  a d r e n a l .  K i t c h e l l  and W e lls  (1 9 5 2 )  
d e m o n str a ted  t h a t  u n i l a t e r a l  a d ren a le c to m y  o f  2 0 -d a y  r a t  
f o e t u s e s  r e s u l t e d  in  a com p en sa tory  h y p er tro p h y  o f  th e  rem ain in g  
a d r e n a l b u t  t h a t  t h i s  h y p e r tro p h y  c o u ld  b e  p r e v e n te d  b y  
im p la n ta t io n  o f  c o r t i s o n e  p e l l e t s *  They in t e r p r e t e d  t h e s e  
r e s u l t s  a s  i n d i c a t i n g  a f u n c t io n a l  r e c ip r o c a l  r e l a t i o n  b etw een  
th e  h y p o p h y s is  and th e  a d r e n a l o f  f o e t a l  r a t s .  The e x p e r im e n ts  
o f /
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o f  Raynaud and P r i l l e y  (1950) in d ic a t e  the s e c r e t io n  of a 
c o r t ic o tr o p h ic  hormone hy th e  hypophysis o f  f o e t a l  m ice.  
F i n a l l y ,  Seth re  and W ells  (1951) showed th a t  the growth o f  the  
th yro id  o f  f o e t a l  r a t s  can he a c c e le r a te d  and the f o l l i c u l a r  
c e l l  h e ig h t  in creased  hy treatm ent w ith  TSH.
I t  ap p ears , th e r e fo r e ,  th a t  the ad ren a l co r te x  and the  
thyroid  o f  r a ts  and mice are  both  re sp o n s iv e  to  s t im u la t io n  
b efo r e  b i r t h .
R in fr e t  and Hane (1955) showed th a t  e x t r a c t s  of p i t u i t a r y  
t i s s u e  from 4 -  to 7 -d ay-o ld  r a t s  were capable  o f  reducing the  
adrenal a sco r b ic  acid  o f  hypophysectomised a d u lt  and o f  
hypophysectomised 4 -  to  7 -d a y -o ld  r a t s .  Thompson and B lount  
( 1954) su b jected  1-  to  14-d a y -o ld  mice to  " s tre ss in g "  by h e a t ,  
ad ren a lin  or in j e c t io n s  o f  ACTH. S ig n i f i c a n t  eosinopoenia  
a f t e r  h ea t did n o t  occur u n t i l  about the 11 th day and by th e  
14th  day the a d u lt  p a ttern  o f  e o s in o p h il  d e p le t io n  was 
e s ta b l i s h e d .  Holtkamp e t  a l . (1949) s tu d ied  the a b i l i t y  o f  
newborn r a t s  to stand exposure to  co ld  w ith  or w ithout the  
a d m in is tr a t io n  of adrenal c o r t i c a l  e x t r a c t .  They found th a t  
adrenal c o r t i c a l  hormones o f fe r e d  no p r o te c t io n  a g a in s t  co ld  in  
r a ts  l e s s  than 16 days o ld  but did  so in  o ld e r  an im als. These 
r e s u l t s  su g g es t  th a t  adrenal c o r t i c a l  hormones p r o te c t  r a t s  
a g a in s t  co ld  through a mechanism th a t  i s  not developed b e fo r e  
16 days of age . J a i l e r  ( 1951) in  con firm ation  showed th a t  the  
p itu i ta r y -a d r e n a l  system o f  young ra ts  did n ot respond to  any 
one " stress"  u n t i l  the animal was 18 days o ld .
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A lth o u g h  th e r e  a r e  s e v e r a l  exam p les c i t e d  in  th e l i t e r a t u r e  
o f  b o th  a d r e n a l c o r t i c a l  and th y r o id  horm ones in c r e a s in g  th e  
r e s i s t a n c e  o f  mammals t o  c o l d ,  i n  th e  p r e s e n t  e x p e r im e n ts  n e i t h e r  
ACTH n o r  th y r o x in e  gave any p r o t e c t io n  to  th e  3 -w e e k -o ld  A s t r a in  
m ice  w h ich  w ere su d d en ly  exp osed  to  c o ld .  D ea th s  o ccu rre d  in  
a b o u t th e  same p r o p o r t io n  in  b o th  th e  in j e c t e d  and n o n - in j e c t e d  
g r o u p s . The t h y r o x in e - in j e c t e d  c o n t r o l  a n im a ls  w h ich  w ere  
k e p t  a t  2l^C d id  n o t  show th e  r e ta r d a t io n  o f  grow th t h a t  was 
e x p e c te d . H ow ever, B e la  sc  o and M u rlin  (1 9 4 1 )  found  t h a t  young  
r a t s  w ere much more r e s i s t a n t  to  ch a n g es  in  body w e ig h t  a f t e r  
tr e a tm e n t  w ith  th y r o x in e  than  w ere a d u l t s .
In  m ice  o f  ea ch  a g e  g r o u p , n am ely  3» 5 and 12 w e e k s , u sed  
i n  th e  e x p e r im e n ts  d e s c r ib e d  in  S e c t io n  IV , th e  m ost c r i t i c a l  
tim e ( i n f e r r e d  from  th e  f a c t  t h a t  m ost o f  th e  d e a th s  o c c u r r e d  
a t  t h i s  tim e) was b etw een  24 and 72  h o u rs  a f t e r  e x p o su r e . By  
48  h o u rs  th e  d i f f e r e n c e  b e tw e en  th e  " f a i lu r e "  and " s u r v iv a l"  
grou p s o f  3 -w e e k -o ld  m ice  was q u it e  p ro n o u n ced . 48 h o u r s  a f t e r  
ex p o su r e  was a l s o  th e  t im e  a t  # i i c h  th o s e  a g ed  5 w eeks b eg a n  to  
grow  a g a in :  e v id e n t ly  t h i s  w as th e  minimum p e r io d  r e q u ir e d  f o r
th e  p r o c e s s  o f  p h y s i o lo g ic a l  a d a p ta t io n  t o  c o ld  t o  b e g in .
F r e g ly  ( 1 9 5 3 ) » w ork ing w ith  r a t s ,  fo u n d  t h a t  a c c l i m a t i s a t i o n  to  
c o l d ,  a s  judged  b y  th e  c o l o n ic  c o o l in g  r a t e ,  o cc u r re d  some tim e  
b etw een  th e  2nd and 4 th  d a y  o f  ex p o su re  to  c o ld  a i r  (5 ^ C ).
T h ese  r e s u l t s  a g r e e  v e r y  w e l l  w ith  th e  f in d in g s  w ith  m ice  g iv e n  
a b o v e .
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VI. CONCLUSIONS
The absence of deaths among the 5-w eek-old  A(V) and A(y ) 
mice a f t e r  t r a n s fe r  to  -3%  in d ic a t e s  th a t  the p rocess  o f  
a d a p ta t io n  to  co ld  exposure i s  more e f f i c i e n t  in  th e se  than in  
the C57BL or OTP s t r a i n s .  This in d ic a t io n  i s  supported by the  
f a c t  th a t  there i s  a much g r e a te r  red u ction  in  f e r t i l i t y  o f the  
C57BL and OTP s tr a in s  than o f the A(V) s t r a in  a f t e r  t r a n s fe r  
to th e  co ld  as a d u l t s .  The death  r a te  o f the 5-w eek-old  C57BL 
mice suddenly exposed to  co ld  was 48 per c e n t ,  but i t  was found 
th a t  th i s  s t r a in  could  be bred i n d e f i n i t e l y  a t  the low tempera- 
: tu re . On the other hand, w h ile  the death  ra te  o f  the GPP 
mice under the same c o n d it io n s  was on ly  23 per c e n t ,  th ey  could  
not be bred i n d e f i n i t e l y .  F e r t i l i t y  in  th e  OFF mice was, 
however, lower than th a t  o f  the o th er  s t r a in s  a t  21% (probably  
the r e s u l t  o f  a long period  of d io e s tr u s )  and the r e d u c t io n  a t  
-3% must have lowered the f e r t i l i t y  to  a l e v e l  a t  which the  
stock  could  not be m aintained.
The f e r t i l i t y  of th e  G57BL s t r a in  a t  -3 % , measured in  
terms o f  th e  number o f  young weaned per p a ir ,  was approxim ately  
the same a s  th a t  of th e  A(y ) s t r a in  and s l i g h t l y  low er than th a t  
cf th e  A(V) s t r a in .  The d i f f e r e n c e s  between the C57BL and A 
s tr a in s  l i e  in  the g r e a te r  number of young b om  per l i t t e r  in  
the C57BL mice and the la r g e r  p rop ortion  o f whole l i t t e r s  th at  
are l o s t  in  t h i s  s t r a in .  This i s  p o s s ib ly  a fu r th e r  in d ic a t io n  
c f  an i n f e r i o r  a b i l i t y  o f  the C57BL mice to  "adapt" to th e  co ld  
environment even during in fa n c y .
yj..
A r e v ie w  o f  th e  e v id e n c e  a v a i l a b l e  in  th e  l i t e r a t u r e  
i n d i c a t e s  t h a t  th e  a g e  a t  w h ich  th e  p i t u i t a r y - a d r e n o c o r t i c a l  
sy s te m s  o f  r a t s  and m ice  can  r e a c t  to  ” s t r e s s ” i s  11 to  18 d a y s . 
T h is  i s  much th e  same a s  th e  a g e  a t  w h ich  th e  c o n t r o l  o f  body  
tem p era tu re  b e g in s  ( d is c u s s e d  in  S e c t io n  I l l e ( i v ) ) #  I t  i s  
t h e r e f o r e  a  r e a s o n a b le  h y p o t h e s is  th a t  th e  m a tu ra tio n  o f  th e  
p i t u i t a r y - a d r e n a l  and p i t u i t a r y - t h y r o i d  sy ste m s i s  im p o r ta n t in  
th e  d evelop m en t o f  th e  c o n t r o l  o f  body te m p e ra tu r e .
I t  was fo u n d  t h a t  th e  3 -w e e k -o ld  A s t r a i n  m ice co u ld  b e  
d iv id e d  i n t o  two grou p s o f  w h ich  o n e , th e  ” s u r v iv a l” g ro u p , 
ga v e  a r e sp o n se  s im i la r  t o  t h a t  o f  a d u lt  m ice  w h ile  th e  o t h e r ,  
th e  ” f a i l u r e ” g ro u p , f a i l e d  t o  a d a p t to  th e  c o ld  e n v iro n m en t. 
T h ese  r e s u l t s  s u g g e s t  t h a t  i n  th e  A s t r a i n  m ice  an im p o r ta n t  
s t a g e  i n  th e  d ev e lo p m en t o f  th e  c o n t r o l  o f  b ody tem p eratu re  i s  
u s u a l ly  rea ch ed  some tim e  b e tw e en  th e  a g e s  o f  20 and 2U d a y s .
The f a c t  t h a t  a s i n g l e  A s t r a in  mouse aged  5 w eeks f a i l e d  to  
e n t e r  th e  " r e c o v e r y ” s t a g e  a f t e r  7 days* e x p o su re  i n d i c a t e s  t h a t  
t h i s  change can  b e  c o n s id e r a b ly  d e la y e d . In  th e  GPP and C57BL 
m ice  th e  a g e  o f  " m a tu ra tio n ” i s  e v i d e n t ly  much l a t e r  and t h i s  
may b e  a s s o c ia t e d  w ith  th e  d i f f e r e n c e  b etw een  th e  grow th  o f  th e  
C57BL and A s t r a i n  m ice r e a re d  a t  - 3 % .
Prom th e  d i f f e r e n c e  i n  m o r t a l i t y  b e tw e en  th e  3 -w e e k -o ld  
m ice  r e a re d  a t  -3%  and th o s e  o f  th e  same a g e  rea red  a t  2 1 % , 
i t  seem s t h a t ,  in  g e n e r a l ,  th e  d ev e lo p m en t o f  th e  a d u l t  typ e  o f  
r e s p o n s e /
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response to  co ld  occurs e a r l i e r  in  mice su b jec ted  to  a co ld  
environment from b i r t h .  I f  the m aturation p ro cess  i s  delayed  
in  mice l i v i n g  a t  -3% they are q u ick ly  e l im in a te d ,  so th a t  a t  
5 weeks a l l  the su rv iv o rs  are co m p le te ly  adapted. Although  
a l l  the 5-w eek-old  A s tr a in  mice b o m  a t  21% su rv ived  the  
sudden exposure to c o ld ,  they  d id  go through the phases o f  
S e ly e ’ s (1946) "genera l adaptation  syndrome” . By c o n t r a s t ,  
mice of the same age reared  a t  -3%  showed no s ig n s  of d i s t r e s s  
a t  a l l  when placed a lone in  a cage .
I t  was im p o ss ib le  to  p r e d ic t  b e fo r e  the b eg in n in g  o f  the  
experiment whether a 3 -w eek-old  mouse would su rv iv e  the t r a n s f e r  
from 21% to -3%  or n o t .  A la r g e r  proportion  o f  h ea v ier  mice  
was found in  the ” s u r v iv a l” group b u t the s c a t t e r  was such th a t  
s i z e  could b e  d iscou n ted  as th e  most important f a c t o r .  A l l  
th e  animals th a t  d ied  had been h e a lth y ,  growing mice in  which 
the endocrine system  was ap paren tly  fu n c t io n in g  p e r f e c t ly  
norm ally a t  21% .
An exam ination o f  the an im als of a l l  ages which surv ived  
the experim ent showed th at the re-accum ulation  of su d an op h ilic  
m a te r ia l  in  the adrenal c o r te x  occurred a f t e r  24 to  48 hours’ 
exposure, w hile the in crea se  in  a c t i v i t y  o f  the th yro id  glands  
was m aintained throughout the 21-day experim ental p er iod . I t  
would seem, th e r e fo r e ,  th a t  f o r  a com plete recovery from 
exposure, or f o r  adaptation  to c o ld ,  the h igh  r a te  of ACTH 
s e c r e t io n  began to d ec l in e  a f t e r  about 24 hours. On the o th er  
hand/
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h a n d , th e TSH o u tp u t ,  and t h e r e f o r e  th y r o id  a c t i v i t y ,  rem ained  
a t  a h ig h  l e v e l  f o r  a lo n g  tim e# H ow ever, th e  e n d o c r in o lo g ic a l  
p ic t u r e  o f  th e  dead  o r  d y in g  m ice  b etw een  48 h o u r s ’ and 7 d a y s ’ 
ex p o su re  was v e r y  d i f f e r e n t ;  th e  a d r e n a l g la n d s  w ere h y p e r -  
! a c t i v e  and th e  th y r o id  g la n d s  w ere v e r y  i n a c t i v e .
T h is  d i f f e r e n c e  seem s t o  b e  th e  m ain d i s t i n c t i o n  b etw een  
th e  j u v e n i l e  and th e  a d u lt  ty p e  o f  r e a c t io n  t o  c o ld .  In  th e  
fo rm er  th e r e  m ust b e  a f a i l u r e  o f  one o f  th e  m echanism s f o r  
in c r e a s in g  th e  m e ta b o lic  r a t e  and h e a t  p r o d u c tio n  w h ic h , w ith  
th e  l o s s  o f  th e  e a r ly  t o le r a n c e  tow ard s a lo w  b ody te m p e r a tu r e ,  
r e s u l t s  in  a g r e a t  and p r o lo n g e d  "alarm ” r e a c t io n .  In  th e  
a d u lt  th e  "alarm ” r e a c t io n  i s  r e l a t i v e l y  s h o r t  and t h e r e  i s  an  
im m ed ia te  and l a s t i n g  in c r e a s e  in  h e a t  p r o d u c t io n .
One o f  th e  m echanism s f o r  in c r e a s in g  th e  m e ta b o lic  r a t e  
and h e a t  p r o d u c tio n  i s  an in c r e a s e  i n  ca rb o h y d ra te  m e ta b o lism .
As m en tion ed  in  S e c t io n  I l l e ( i v ) ,  i t  h a s  b een  fou n d  t h a t  i n  r a t s  
e f f e c t i v e  th e r m o -r e g u la t io n  d ep en ds on th e  a b i l i t y  o f  th e  l i v e r  
and m u sc le s  t o  r e l e a s e  s t o r e d  g ly c o g e n  on ex p o su re  o f  th e  
a n im a l t o  c o l d ,  and t h a t  t h i s  a b i l i t y  d o e s  n o t  d e v e lo p  u n t i l  th e  
a g e  o f  18 d a y s . I f  a s im i la r  ch an ge ta k e s  p la c e  i n  m ic e , i t  
seem s l i k e l y  t h a t  i n  th e  A s t r a i n s  i t  o c c u r s  a t  2 0 -2 4  d a y s ,  
s in c e  t h i s  i s  th e  a g e  a t  w hich  an  im p o r ta n t s t a g e  in  th e  d ev e lo p -  
:m ent o f  th e  c o n t r o l  o f  body tem p era tu re  h a s  b e e n  fou n d  to  
o c c u r .
T h e r e /
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There i s  a g rea t  d ea l of ev idence th a t  in  a d u lt  mammals 
a r i s e  in  the blood co n cen tra tio n  of th yro id  hormone i s  
accompanied by an in c r e a se  in  carbohydrate m etabolism . I f  i t  
i s  assumed th a t ,  in  mice o f  a l l  a g e s ,  the t i s s u e  demand fo r  
th y ro id  hormone i s  a s s o c ia t e d  w ith  carbohydrate m etabolism , 
th ere  are  at l e a s t  two p o s s ib le  ex p la n a tio n s  of the ju v e n i le  
type o f  r e a c t io n  to c o ld .
(1 )  The f i r s t  in v o lv e s  p i t u i t a r y  fu n c t io n .  I f  the 
2? i tu i ta r y  f a i l e d  to respond to the s t im u li  f o r  an in crea sed  
ra te  o f e la b o ra tio n  and s e c r e t io n  of TSH, the thyroid  would not 
be in  turn stim u la ted  to in creased  a c t i v i t y .  This would mean 
th a t  the s t r e s s  of co ld  exposure would become more sev ere  and 
the adrenal gland s tim u la ted  to even g r e a te r  a c t i v i t y .  Such a 
s i t u a t i o n  could  become a v ic io u s  c i r c l e ,  the demand f o r  adrenal 
c o r t i c a l  hormones becoming so h igh  th a t  the p i t u i t a r y  s e c r e t io n  
o f  ACTH would take p la ce  to the d etr im en t o f TSH s e c r e t io n .
In o th er  words, th ere  would be a ” s h i f t ” from TSH to  ACTH 
production  w ith  an in e v i t a b le  subsequent in c r e a se  in  the i l l -  
e f f e c t s  o f co ld  exposure.
I f  t h i s  exp lan ation  were c o r r e c t ,  in j e c t io n s  o f  ACTH or  
thyroxine should a l l e v i a t e  th ese  e f f e c t s .  There w as no e v i -  
: dence in  the p resen t experim ents, however, th a t  e i t h e r  o f  
th ese  hormones had b e n e f i c i a l  r e s u l t s .
( 2) I f ,  on the o th er  hand, the major f a c t o r  were not the  
resp o n se /
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response of the p i t u i t a r y  gland h u t  the t i s s u e  demand f o r  
thyro id  hormone, the e f f e c t s  of exposure to co ld  and of i n j e c -  
: t io n s  of ACTH or  thyroxine could he expla ined .  I t  has been 
f a i r l y  well  e s ta b l i s h e d  th a t  a major p a r t  of the c o n t ro l  of 
p i t u i t a r y  TSH s e c re t io n  i s  by the t i t r e  of  thy ro id  hormone in  
the blood; t h i s  in  tu rn  depends upon t i s s u e  demand. I f  t h i s  
demand were n o t  inc reased  on exposure to co ld ,  the p i t u i t a r y  
would no t  be s t im u la ted  to  g r e a t e r  s e c r e t io n  of TSH. I n j e c -  
; t i o n s  of thyroxine  would be u s e le s s  under these  circumstances 
and ACTH or ad rena l  c o r t i c a l  hormones would n o t  a s s i s t  the 
necessary^ in c rease  in  h ea t  p roduc t ion .  , The t rea tm ent with 
thy ro id  hormone of animals in  which the a d u l t  type of r e a c t io n  
had been developed, th a t  i s ,  in  which th e re  was a r i s e  in  
carbohydrate metabolism and an inc reased  demand of the t i s s u e s  
f o r  thy ro id  hormone, would c e r t a i n l y  r e s u l t  i n  an increased  
r e s i s t a n c e  to  co ld .
I t  has been f a i r l y  w e ll  e s ta b l i s h e d  th a t  the  a c t i v i t y  
of the thyro id  gland i s  c o n t ro l le d  by two methods, one chemical 
and the o th e r  n e u ra l .  The i n i t i a l  in c re a se  in  TSH se c re t io n  
appears to be by nervous s t im u la t io n .  The long-term c o n t ro l ,  
on the o th e r  hand, i s  probably a lmost e n t i r e l y  by the chemical 
method invo lv in g  the blood co n cen tra t io n  of th y ro id  hormone.
I f  the c o n t ro l  of p i t u i t a r y  th y ro t ro p h ic  fu n c t io n  normally takes 
p la c e  in two such s ta g e s ,  i t  i s  the second stage  which, perhaps, 
f a i l s /
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f a i l s  to  fu n c t io n  in  young mice. A f t e r  a t r a n s i e n t  in c re a se  
in  a c t i v i t y  the thy ro id  r e a c t s  l i k e  t h a t  of a poik ilo therm ous 
animal and, with  a f a i l u r e  of the  t i s s u e s  to m obilize  t h e i r  
glycogen r e s e rv e s ,  an in v o lu t io n  of the g la n d u la r  epithelium  
takes  p lace  when the body temperature begins  to  f a l l .
This hypothesis  req u ire s  t e s t i n g  by f u r t h e r  experiment, 
s ince  i t  i s  based only on i n d i r e c t  evidence.
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Appendix A. 
Tables 1 - 1 4 .
T able 1
T o ta l  growth. Males. (+ = S tar









A(V) 21°C 1 U3 ' 9 .7 6  + 0 .1 6 37 17 .39  ± 0.1
tl II 2 - 4 211+ 9 .9 6  + 0 .1 2 51+ 17.1+7 + 0.1
tl -3°C 1 1+2 7 .9 5  1  0 .2 1 32 11+. 97 + 0.1
tl II 2 - 3 71+ 8 .7 8  + 0 .2 2 22 15.59  ±  0 . '
A(Y) 21®C 1 h9 10 .13  + 0 .1 9 38 19 .68  + 0 .;
II II 2 - 3 270 10 .59  ±  0 ,1 0 1+5 2 0 .3 7  + 0 .:
II -3°C 1 32 8 .3 9  + 0.21+ 21+ 16.1+6 + 0 .!
II II 2 - 3 71+ 8 .1 6  + 0 .1 6 33 1 5 .86  + 0.1
C57BL 21* 0^ 1 1+3 7 .9 7  ±  0 .1 8 26 17 .08  + 0.1
II II 2 - 4 136 8.1+8 + 0 .1 1 . 22 18 .02  + 0.1
II -3®G 1 19 8.21+ + 0 .3 7 11 11+. 61+ + .1.
II II 2 - 3
i
23 7 .0 9  + 0 .2 7 11 1 3 .91  + 1.
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Repred u ctio n . (+ = Standard e
A(V) A(
21°C 21°C
No. o f  p a ir s 14 15
Mean no. young 
b o r r /p a ir
Mean no. young 
weaned/ p a ir
2 4 .71  + 1 .75
17 .71  + 1 .65
17 .43  ±  1 .94
6 .1 4  ±  1 .25
27 .13  ±  2 .9 6
20 .6 7  + 2 .50
Mean no. young 
b o r r / l i t t e r
Mean no. young 
w e a n e d / l i t t e r
4 . 6 8  + 0 . 2 1
4 .2 0  + 0 .2 3
4 .5 2  + 0 .3 8
3 .9 1  + 0 .5 4
5 .2 9  ±  0 .2 0
4 .7 0  ±  0 .2 2
Mean no. l i t t e r s  
b o r r /p a ir
Mean no. l i t t e r s  
weaned/ p a ir
5 .3 6  ±  0 .2 8
4 .2 1  + 0 .2 5
3 .8 6  + 0 .4 2
1 .5 7  ±  0 .2 8
5 .1 3  ±  0 .5 4  
4 .4 0  + 0 .5 2
No. o f  barren  
p a ir s
No. o f  p a ir s  
weaning no young
No. o f  l i t t e r s  o f  













O estrus. Mice tra n sferred  to as ad u lts
(standard d e v ia t io n  g iven  in  brackets)
S tra in 21®C (c o n tr o ls ) -3®0
No. o f  
mice
No. o f  oestrou s  
c y c le s  in  4  weeks
No. o f  
mice
No. o f  oestrou s  
c y c le s  in  4 weeks
A(V) 3 3 .7 ( 0 .2 ) 7 3 .0 ( 0 .8 )
A(Y) 2 3 . 0 ( 1 .0 ) 5 2 .0 (0 .6 )
C57BL 4 3 .5 ( 0 .5 ) 6 2 .3 (0 .8 )
GPF 2 2 .0 ( 0 .0 ) 3 2 .3 (0 .U )
Table 5
O estrus. Mice reared a t -3^0  
(Standard d e v ia t io n  g iven  in  brackets)
S tra in 21®0 (c o n tr o ls ) -3«C
No. o f  
mice ■
No. o f  oestrou s  
c y c le s  in  14 days
No. o f  
mice
No. o f  oestrou s  
c y c le s  in  14 days
A(V) 6 2 .7 ( 0 .7 ) 2 2 .5 (0 .5 )
A(Y) 4 3 .0 ( 0 .0 ) 4 2 .8 (0 .7 )
Table 6
Unmated m ice . R e la t iv e  adrenal and thymu 
iL  (Standard d e v ia t io n  g iven
Males
S tr a in No. of mice Body wt. g. Adrenal wt. mg. / 100 g
21°C -3°C 21°C -3"C 21®C -3°C
A(V) 17 6 3 3 .1 ( 4 .7 ) 2 6 .8 (2 .7 ) 4 .5 3 ( 0 .9 ) 1 0 .0 2 (3 .6 )
A(Y) 14 6 3 2 .7 ( 5 .0 ) 2 6 .3 ( 3 .7 ) 4 .2 2 ( 0 .8 ) 6 .5 6 ( 2 .3 )
C57BL 13 7 28. 9 ( 2 . 2 ) 2 8 .1 ( 3 .6 ) 5 .8 6 ( 1 .8 ) 8 .6 2 ( 1 .7 )
Females j
A(V) 16 11 2 9 .2 ( 5 .3 ) 2 3 .5 (1 .8 ) 9 . 5 8 ( 1 .3 ) 20. 91( 3 . 8 )
A(Y) 19 9 2 7 .1 ( 3 .6 ) 2 4 .2 (3 .3 ) 1 0 .2 2 (2 .7 ) 1 1 .6 1 (4 .1 )
I n d ic a t e s  a s i g n i f i c a n t  d i f f e r
Table 71
'
12-w eek-old  m ice. (+ ;s S'
Males
Mean i n i t i a l  body wt, = 2 8 ,3  + 0 .5  g.
i Time o f  exposure No, o f  mice A(V) A(Y) Mean body wt, change g. Mean adrenal wt, mg, / 100 g. Mean thymus wt, mg, / 100 g
0 hours 
( co n tro l)
4 .6 0  + 0 .2 8 72 ,34  ±  3 .7
t 6 hours  24 "
48 "









■0.5 + 0 .2  
•0 . 8  +  0 . 3  
•2.5 + 0 .4
•3.0 + 0 .5  
•3.0 + 0 .9
4 .6 2  + 0 .4 9  
4 .5 2  + 0 .40  
5 .1 6  + 0 .0 9
4 .6 3  + 0 .5 4  
5 .4 9  + 0 .58'
78 .10  + 5 .1  i
i
64 .32  + 6 ,6  
65 .77  ±  10, 0 :
3 8 .06  + 3.6*1 
. 30 .32  ±  3 .1*
21 days 
( co n tr o l)
+ 4 + 1.0  + 0 .3 4 .0 5  ± 0 .15 51 .55  ±  4 .3
I n d ic a te s  a s i g n i f i c a n t  d if fe ;
Table 8
5-w eek-old  m ice. S tra in  A, (+ = Standarc
Males
Mean i n i t i a l  body wt, = 19,0  + 0 ,3  g.








wt, m g ,/100 g.
Mean thymus 
wt, m g ,/100 g.

















+  ■ 2
+ 2 
+ 3
—1 , 1  i  0 , 2
- 1 , 4  ±  0 ,2  
—1,6  + 0 ,4
—0 ,5  + 0 ,9  
+ 1 , 2  + 0 , 8
4.86  +  0,46  
5 .7 3  ± 0 .7 1  
7 .38  ± 0 ,59
6 ,0 4  + 0 .95  
7 .76  + 1 ,06
174.78 + 7 .8  
148,41 + 1 .0
144.63 + 14 .6
89.06 + 14. 7“ 


















+ 2 , 1 + 0 , 3  
+3,8  ^ 0 ,8
6 ,66  + 0 ,2 2  
( 6 .26  + 0 . 20)
5 .9 6  + 0 .2 4  
( 5 .6 0  + 0 .2 4 )
141.00 + 7 .7
( 132.50 + 7 . 5 )
111.10 +  5.5 
(1 0 4 .5  + 5 .3 )
5 + !
3 + :
Brackets in d ic a te  unadjusted f ig u r e s ,  i . e .  no allowance 
I n d ic a te s  a s ig n i f i c a n t  d i f fe r e n c e  a t  P = 0 ,0 5 .
I n d ic a te s  a s ig n i f i c a n t  d if f e r e n c e  u s in g  adjusted  figu ]
ITable 9 
5-w eek-old  m ice. S tra in  A,
Males
Mean i n i t i a l  body wt, = 15 .4  + 0 .9  g.
Time o f  
exposure






wt. m g ./100 g.
Mean thymus 
wt. m g ./100 g.
0 hours 2 + 2 — 7.50 + 0 .7 0 117.12 + 7 .27
48 hours 2 + 3 + 0 . 6 ^ 0 . 1 7 .6 6  + 0 .3 9 147.67 + 22.2
7 days 3 + 2 +1.6 _+ 0 .6 8 .16  + 0 .1 7 111.00 + 6 .4








5-w eek -o ld  m ice. S tr a in  GPP. ' (±
i
Males 1
Mean i n i t i a l body wt, = 2 0 ,4 ± 0 . 5  g. ij
Time o f No. o f Mean body Mean adrenal Mean thymus
1
;N0, C
exposure mice w t. change g. wt. m g ,/100 g. wt, m g ./100 g. mice
0 hours 4 8 ,5 9  + 0 ,6 2 172 .9  + 11 .7
Î
i 4
(c o n tr o l) I
Si
24 hours 6 —1 .0  + 0*2 9 .1 2  + 0 ,7 2 164 .7  ±  10 .9
?
;  6
48 ” - 5 —3 .0  + 0 ,4 8 ,1 3  + 0 ,4 1 111 .9  + 9 .6*
7 days 6 - 0 ,3  ± 0 ,3 9 .4 3  ± 0 ,9 8 111.5 ±  14.6*
21 ” 5 +3.2 + 0 . 6 8 ,2 2  + 0 ,6 7 8 4 .7  ±  14.5'^ !' ^ 
i.'
7 days 5 +2,5  + 0 ,4 8 .0 7  ±  0 ,7 9 211.5  ±  19 .7 ' 5
(c o n tr o l) (7 .3 5  + 0 .7 1 ) (1 9 2 .6  + 18 .0 ) i
21 days 5 +4.2  + 0 ,4 6 ,9 3  + 0 .2 0 146.2  + 1 6 .4 5
( co n tr o l) (6 .3 0  + 0 .2 0 ) (1 3 3 .0  + 15 .0)
Brackets in d ic a te  unadjusted  f ig u r e s ,  i . e .  no a l i o  
I n d ic a te s  a s i g n i f i c a n t  d i f f e r e n c e  a t  P = 0 .0 5 .
I n d ic a te s  a s i g n i f i c a n t  d i f f e r e n c e  u s in g  ad ju sted
Table 11 
3-w eek-old  m ice. S tr a in  A (+ = S
Males
Mean i n i t i a l  body wt, o f  a l l  mice = 1 1 ,1  + 0 ,8  g
” " -fi M « f a i lu r e ” group (a) = 1 0 ,8  + 0 ,6  g,
" (b) = 1 1 .2  + 0 ,6  g,H M tl tt «recovery”
T
Mean
iiMe o f  
exposure




wt, change g .
Mean adrenal 







c o n tr o l)



















—0 ,9  + Oo 2
—1 ,7  +  0 ,1
—1 .5  + 0 , 4  
—0 , 8  +  0 ,2
+ 0 ,9  ±  0 ,7  
+ 3.3  + 0 ,1
+ 5.5
8 .65  + 0 ,6 8
10 ,4 6  + 0 ,8 7
10 .86  + 1 ,3 1  
7 .7 3  ±  0 ,3 5
1 0 ,14  ±  0 ,74*  
8 ,4 3  ±  0 ,3 0
6 ,67
291.28  + 12 ,6  
200,56  + 11 ,:
94 .87  ± 7 . 5  
198,10  + 5 .0
73 .53  ±  5 .6  















c o n tr o l)
1 days 
c o n tr o l)
+ 5 .8  + 0 ,2
+10 *5 ± 0,3
7 .3 5  ±  0 ,2 7  
(6 .5 3  ±  0 ,2 5 )
6 ,66  + 0 ,22  
( 6 ,26  + 0 , 20)
240,40 + 13 .2  
(213.80 + 12 ,E
141.00 + 7 .7  
(132 .50  + 7.5^
Brackets in d ic a te  unadjusted f ig u r e s ,  i . e .  no allow;
In d ic a te s  a s i g n i f i c a n t  d if fe r e n c e  a t  P = 0 ,0 5 .
Table 12
3-w eek-old  m ice. S tr a in  A, -3*^C contro
Males
















+0 ,3  + 0 , 0
+0,6  + 0 ,1  
+2,1  + 0 ,5
Mean adrenal 
wt. m g ,/100 g.
10 .28  + 0 ,9 7
11 ,99  + 1 ,92  
10,78  + 0 ,2 1  
11,16  + 1 ,0 6
Mean thymus 
wt, mg,/lOO gp
1 9 2 ,7 8 +  13 .4
146,00 + 19 .4  
117.47 + 14 .7  
116.63 + 18.9
Table 13




Mean i n i t i a l  body wt, = 1 1 .1  + 0 ,8  g.
T o ta l
dose





Mean adrena l  
wt, mg,/100 g.
Mean thymus 
wt, m g,/100 g
1 .75  mg, 
3 .5  mg. 
7 .0  mg. 





+4.3  + 0 ,5  
+5.4  + 0 ,1  
+4,8  + 0 , 5  
+4.5 + 0 ,3
7 .1 6  + 1 ,0 1  
(6 .3 7  + 0 .9 0 )
7 .1 7  + 0.23^  
( 6 .3 8  + 0 .2 0 )
8 .0 6  + 0 .4 7  
( 7 .1 7  + 0 .4 2 )
9 .2 0  + 0 .33*  
(8 .1 8  + 0 .2 9 )
180 ,91  + 6 ,4  
(1 6 0 .8 7  + 6 .0 )
126.15 + 12 .2  
(1 1 2 .2 4  + 1 1 .1
80 .48  + 4 .6*  
(7 1 .5 8  + 4 .1 )
79 .40  + 8.5*  
(7 0 .6 2  + 7 .6 )
»
)
( co n t ro l )
2 + 3 +5.8  + 0 ,2 7 .3 5  + 0 .2 7  
( 6 .5 3  ±  0 .2 5 )
240,40 + 13 .2  
(2 1 3 .8 0  + 12 .9 )
B rackets I n d ic a te  unadjusted  f i g u r e s ,  i . e .
I n d ic a te s  a s i g n i f i c a n t  d i f f e r e n c e  a t  P = 0
Table 14





Time o f  
exposure
No. o f  
mice
Mean adrenal  
wt, m g ./100 g.
Ho. o f  
mice
Mean ad re 
wt. m g ./10
12 21 days 2 5 .6 2 3 5 .3 8
tt 21 " 
(c o n tr o l )
3 3 .9 7 k 4 .1 1
5 21 days 2 7 .05 3 8 .2 3
1
5 .9 9It 21 ”
( co n tr o l)
2 5 .9 0 3
It 0 hours 
(-3®C co n tr o l)
2 7 .1 9 2 7 .81
3 48 hours (a ) 2 11.20 1 10 .02
” ” (b) 1 , 7 .2 7 2 7 .98
tt 7 days (a) 2 9 .8 3 2 10.45
" ” (b) 1 8 .5 7 3 8 .40
t t 7 ” 
(c o n tr o l )
2 7 .0 1 3 7 .5 7
tt
1'
0 hours  
(-3°C  co n tro l)
3 10 .63 1 9 .6 7
111.
Appendix B. 
F ig u r e s  1 -  52
112.
The fo l lo w in g  a b b r e v ia t io n s  are  used  in  the c a p t io n s  o f  
the F ig u r e s :
S .B .
8 . 4 .
H. & E. 
M.




S ta in e d  w ith  Sudan b la c k
S ta in e d  w ith  Sudan 4 and E r l i c h ’ s  
haem atoxylin
S ta in e d  w ith  Mayer’ s haemalum and 
e o s in
S ta in e d  w ith  Masson’ s tr ichrom e
S ta in e d  Y/ith the S c h u ltz  s t a in  f o r  
c h o l e s t e r o l
w eek-old
hours o f  exposure


















P i g . l . G-raph i l l u s t r a t i n g  the  growth of 
1 s t  g e n e ra t io n  male m i c e . ( p .11)
STRAIN A(Y)











F i g , 2 . Histogram i l l u s t r a t i n g  the  ho ly  and t a i l  le n g th s  
of  A s t r a i n  mice, ( p . 15)
3 0 ^
y ig . Ttanated female F ia , k . ASreiial. tenated female
2 % ,  A e tr a la . S.B. ^ C ,  A w tn U i.  S.B.
No d e p le t io n  from zona f a s c i c u l a t a  a t  e i t h e r  tem pera ture ,  
zona glomerulosa l i g h t l y  s ta in e d .  ( p . 22)
éo/t.
F ig , 5. M renal. Breeding
female 21 C, A strain*  
S.B.
F ig . 6 . Adrenal. Breeding female 
*3 0 ,  A stra in . S.B.
No d e p le t io n  of l i p i d  from co r te x  a t  e i t h e r  t e m p e ra tu r e . (p .22)
116
n & L j
21 Of Â strain. M. A strain. M.
The normal mixture of a c t iv e  and in a c t iv e  f o l l i c l e s  a t  
both tem pera tu res .  ( p . 22)
B
{iiiiVffjA/Kfft
F i g .9 . Diagram i l l u s t r a t i n g  changes in  the  adrenal  gland of a 




r ig . y>» AdrmiftX. 12 ir. feamle
2V hr. 8 .B . (P a r tia l 
depletion}
P ig . 11. Adrenal, 12 w, female 
7 d , S.B, (Seoovery)
Typical "alarm" r e a c t i o n  immediately a f t e r  exposure, followed 
"by the  "recovery" s ta g e .  ( p . 35)
%9. s
F la . 13. Thyroid. 12 w. female 
6 hr. H. A S. (A ctive)
P ig . 12. Thyroid. 12 w. female 
0 hr. E. A B.
(A ctive and in active  
f o l l io le a )
Rapid in c rease  in  th y ro id  a c t i v i t y  a f t e r  e x p o s u re . (p .35)
c/'s WEEKS OLD







8 0 . ADRENAL
7-5 . 












2 8 0 -
2 2 0 -






742 4  h r  4 8  hr
log tin e
6 h r
X  ■ C O N TRO L
X  -  CONTROL
ZâSîJjb- gig» M ,
Graphs i l lu s tr a t in g  growth, thymus and adrenal weigghts o f $.#@ek-old mloe*
Mean "body weight a t  0 hours inc ludes  ho th  experimental and 
c o n t ro l  mice. ( p . 36,40)
P ig . 16. Adrenal* 5 v* male 
A stra in  6 hr. S.B« 
(P a rtia l dep letion )
P i* . 17. Adrenal. 5 w. male A stra in  
7 d . S .B . (Reoovery)
’’Alarm*’ r e a c t io n  followed by ’’recovery” s ta g e .  ( p .40)
P ig . 18. Adrenal. 5 male 
A stra in  6 hr. S.B.
P i* . 15. Adrenal. 5 w. male A 
stra in  6 hr. Sohults.
The same a rea  i s  s ta in e d  in  each case ;  t h i s  in d ic a te s  th a t  
the  sudanophil ic  substance in  the  zona f a s c i c u l a t a  i s  
c h o l e s t e r o l .  ( p .40)
S.Cj\J
F ig . 20. T ty r o ü . 5 v ,  mal* A atr&in 48 h r, M. 
(A ctive)
gig» 21. Thyroid. 5 w. male A stra in  7 d . K. ( S t i l l  
veiy  a c tiv e )
The immediate in c r e a se  in  th y ro id  a c t i v i t y  i s  s t i l l  p resen t  
a f t e r  7 d a y s’ exposure. ( p .41)
_LO_L
P i* . 22. Adrenal. 5 v .  male A stra in  7 d . S.B, 
(Severely depleted)
■ F Is. 23. Thyroid. 5 w. male A stra in  
7 d , M. (Xdaetive)
The s in g le  5—week-old male which f a i l e d  to  reg a in  i t s  
i n i t i a l  "body w eight, showed a prolonged and severe "alarm ” 
r e a c t io n  of the  ad ren a l gland and a red u c tio n  in  th y ro id  
a c t i v i t y .  ( p .41)
122
P is . 24. Adrenal, 5 w, -5  0 control 
female A stra in  46 hr.
S.B.
P is . 25.  Adrenal. 5 w. *3 0 
control female A 
stra in  7 d . S.B.
No d e p le t io n  of l i p i d  from co r te x . ( p .42)
ùa^
P ig . 26. Adrenal. 5 w. female
CHPP stra in  24 hr.
S.B. (P a r tia l  
depletion)
a a t  ,?I»
GPP stra in  7 d . S.B,
(Beoovezy)
Typical "alarm ” re a c t io n  immediately a f t e r  exposure, 
follov/ed by a "recovery” s tage  in  a mouse th a t  
surv ived  fo r  7 days. ( p .45)
123
3 WEEKS OLD 3 WEEKS OLD




AB3 0 0 -
AB
2 4 0 -





2ld7d.2 4 h r  48 h r6 hr
BODY WEIGHT
A B
lO - AB AB,
310- THYMUS
AB








log . t i « c
X » CONTROL
lo g . time X  -  C O N T R O L
gig . 28. gig . 29
(kraphm illu s tr a t in g  growth* thymus and adrenal weights o f  3-era^-old mine,
Mean body weight a t  0 hours inc ludes  both  experim ental and 
co n tro l  mice. ( p .46)
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30. Adrenal» 3 v .  fmoale 0 hr. S.B, 
(Nonaal gland)
y»
;ig& 11. Adrenal. 3 w, female F ig . 32. Adrenal. 3 w. f« sa le  
6 hr. S.B. (p a r tia l S.B, (Heooveiy)
depletion)
The normal sequence of changes in  the  ad renal gland of a 
mouse of the  "su rv iv a l"  group ( h ) . ( p .48)
± ' ^ D
F ig . 33. Thyroid. 3 w, female 0 hr. M.
(Aotive and in a ctiv e  f o l l io le a )
■
Pig. 3L. Thyroid. 3 w, female 7 d . P ig . 35. Thyroid. 3 w, female 7 d. 
M. (A ctive) M. (A ctive)
Marked in c re a se  in  th y ro id  a c t i v i t y  in  mouse of the  
" su rv iv a l"  group (h ) ,  ( p .48)
J-C/U
Pig. 36. Adrenal, 3 w, female 7 d , 8 .3 ,
( S e v e r e l y  d e l e t e d )  ____
Prolonged and severe "alarm" re a c t io n  in  mouse of the  
" f a i lu r e "  group ( a ) • . ( p .48)
? ig . 37. Thyroid, 3 w. f in a le
7 d. '■*. (v«*y
inactive)
F ig . 38. Thyroid. 3 w. female 
7 d .  M. (Very 
in active)
Very in a c t iv e  th y ro id  gland in  mouse of " f a i lu r e "  group ( a ) • 
( p .48)
60 /*-
F ig. 39# Adrenal. 5 w. female d ied 48 hr# 
8 . 4 .  (Severely depleted)
t
' #  î  -S É t e
FI*. 40# Thyroid. J w, female 
died 46 h r . H. é  B. 
(Very in a etlv e)
. 41. Thyroid# 3 w# female 
died 48 hr. R. & B. 
(Very in active)
Note marked s im i la r i ty  of ad renal and th y ro id  glands to  
those  of the  " f a i lu r e "  group (a) mice. ( p .49)
F ig .45 . Thyroid . 3w. male 7d. A utoradiograph.
In a c t iv e  gland and low c o n c e n tra t io n  of I ^ ^ ^ . ( p .53)
##
4o /«•
F ig .42 . Thyroid. 3w. male 7d. A utoradiograph.




n & J à »  Thyroia. 3 w. male 21*0 oontrol 7 4 . 
AutoraâiograiÀ.
T  r
.  3 m
r ig .  45. Thyroid. 3 w. male 21*0 owrtrol 7 d .
H. A K.
Active f o l l i c l e s  corresponding w ith high  co n cen tra tio n  





P i* . k£m Adrenal. 5 w. maie oontrol 48 hr. 
S.B. (P a r tia l dep letion )
so  ^
P i* . 47. Adrenal. 3 w. female »5 0 oontrol 
7  4 .  8 .B . (a eœ v w y )
The ty p ic a l  "recovery" s tag e  a f t e r  an i n i t i a l  p e r io d  
of p a r t i a l  d e p le t io n .  ( p .50)
J . O J -
2SO^







T H Y M U S
o n tr o l
I -7 5
?
A D REN A L
m g.A C T H «9-ACTH
Histograms i l l u s t r a t i n g  the e f f e c t s  of exposure to  cold or 
in je c t io n s  w ith ACTH a t  21°G. ( p .59)
±o<^
D





fig#  51. Thgroid. 3 w. femal# 
21 C control 10 mg. 
oortlflone. H. & S.
P ig . 52.  Thyroid. 3 w. female 
2 ? 0  oontrol 21 mg. 
ACTE. H. & B.
No obvious change in  h i s to lo g ic a l  appearance of gland, ( p .62)
133
Appendix C. 
H i s t o l o g i c a l  methods.
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( i )  F ix a t io n  and embedding
The f i x a t i v e s  used were as  fo l lo w s :
T hyroids, thymus and l e f t  ad ren al; Bouin* s f l u i d
R igh t ad ren a l:  ^ Formal ca lcium  ( 10^
formaldehyde in  1^
CaCl^)
P i t u i t a r y :  A m od ified  Bouin
co n ta in in g  i  th e  normal 
amount o f  a c e t i c  a c id
The B o u in - f ix e d  organs were weighed and then embedded in  
p a r a f f in  wax (M.P. 52^C) and s e c t io n e d  a t  4/ *^ The r ig h t  
ad ren a l was embedded in  20^ g e l a t i n  and fr o z e n  s e c t i o n s  cu t  
a t  8 — IC^*
( i i l  S ta in in g  tech n iq u es
P a r a f f in  wax s e c t io n s :  A drenal and thymus g lands were s ta in e d
w ith  Mayer*s haemalum and e o s in ,  or  
w ith  M allory ’ s c o n n e c t iv e  t i s s u e  s t a i n .
Thyroid g lan ds were s ta in e d  w ith  
Mayer’ s haemalum and e o s in  or w ith  
Masson’ s trichrom e s t a in  (w ith  l i g h t  
or f a s t  g r e e n ) .
G e la t in  s e c t io n s :  The r ig h t  ad ren a l g lands were s ta in ed
w ith  Sudan b la c k ,  Sudan 4 and E r l i c h ’ s 
h a em atoxy lin , N i l e  b lu e  s u lp h a te ,  or 
w ith  th e  S c h u ltz  s t a i n  f o r  c h o l e s t e r o l .
The on ly  s t a in in g  tech n iq ue which r e q u ire s  d e t a i l e d  d e s c r ip t io n  
i s  the S c h u ltz  s t a i n ,  s in c e  t h i s  i s  not w ell-know n.
135.
S c h u ltz  s t a in  f o r  c h o le s t e r o l
F rozen  s e c t io n s  (o r  fr o z e n  s e c t io n s  embedded in  g e la t in )  c u t  
a t  lO/»-,
1 .  Mordant in  2 .5 /î  ir o n  alum f o r  3 d a y s .
2 .  R in se  in  d i s t i l l e d  w ater , mount on s l i d e  
and b l o t  dry .
3 .  Add one drop o f a m ixture o f  equal p arts  
g l a c i a l  a c e t i c  a c id  and con cen tra ted  
su lp h u r ic  a c id .
In th e  p resen ce  of c h o le s t e r o l  a b lu e -g r e e n  co lou r  d ev e lo p s  which 
l a s t s  f o r  about 10 to 30 m in u tes .
( i i l )  numbers o f  organs examined
Males Fem ales
A drenals Thyroids A drenals Thyroidc
Breeding p a ir s ,  s t r a in  A 4 4 6 6
Adult unmated m ice ,  
s t r a i n  A
10 12 15 18
12-\veelc-cld m ice , s t r a in  A 6 8 7 9
5-w eek-o ld  m ice , s t r a in  A 20 21 23 25
5-w eek-o ld  m ice , s t r a in  A 
-3  C c o n tr o ls
6 6 6 6
5-w eek-o ld  m ice , s t r a in  
05>p
6 5 6 6
3 -w eek -o ld  m ic e ,  s t r a i n  A 18 20 25 28
3 -w eek -o ld  m ice , s t r a in  A 
-3°C c o n tr o ls
10 13 12 16
3 -w eek-old  m ice , in j e c t e d  
w ith  ACTH
6 8 5 9
3 -w eek -o ld  m ice , in j e c t e d  
Yfith c o r t i s o n e
6 6 9 9
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